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PREFACE 


Thp piesent Laboiatoiy Outline follows the oidei of topics 
111 the second edition (1916) of the author’s General Chemistry 
for Colleges A numbei of new expeiiments, such as those on 
haid water, colloids, foods, baking powder, dyeing, and Bunsen’s 
film and match tests, have been mtioduced 
It IS not intended that the whole of the expenincnts should 
be perfoimcd by any one class The sub-division into small 
paragiaphs wiU make omissions easy The choice will depend 
upon the piefeiences of the instructor and upon the purpose 
foi which the couise is being given 
The weakest point in most, if not in all, foims of education 
IS the resultmg lack of a sense of quantity A few quantitative 
experiments will have no effect, if hundreds of other experi- 
ments aic peifoimed without leference to this featuie The 
quantitative sense must be cultivated until it is used habitually 
m aU connections The students should be uiged to note the 
quantity of each material taken, and the concentiation of each 
reagent used (noimal, as a rule), and consciously to add'^qmv- 
alent amounts Wheie a smaller amount, or an excess, is 
required, the fact is specified m the directions In adding 
sodrtim hydroxide solution to alum, for example, not one student 
m a bundled will avoid addmg an enormous excess, before 
studying the result If the student continues in chemistry, 
tiammg of the sense of quantity will be of immense value If 
he does not pursue chemistry, as the majonty do not, the tram- 
mg will stiU be most useful to him in other studies and, m busi- 
ness, wiU maKe aU the chfference between success and failure 
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PREFACE 


The hst of reagents, m the Appendix, indicates concentrations 
which are convenient 

This outline may be employed also along with the Introduction 
to Inoigamc Chemistry To facilitate this, a table at the end 
gives the equivalents of the references to pages m the College 
Chetmstiy which are used exclusively in the text of the outime. 

ALEXANDER SMITH 
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GENERAL DIRECTIONS 

NOTES 1-17 

Eead the “Regulations” posted m the laboiatoiy Read also, attentive- 
ly, the following notes 

Note 1 — Piovide youiself with a note-book and make a careful per- 
manent record immediately after each e\peiiment Enter the niimbcia 
and titles of the paiagraphs of the outline systematically State (1) what 
you did, if anytlung beyond the directions, but do not copy the printed 
duec7iQns themselves, (2) what you obscived, (3) what conclusions you 
drew A sketch of the apparatus wiU. enable you to lecall the cnoutn- 
stanoes of the experiment, if latei refeienoe to it is necessary This note- 
book, when called for, is to be handed in for inspection 

The dueotions have been exiiiesscd with the utmost caic and brevity 
Every woid is significant Italics are theiefoie nowhere employed foi the 
purpose of emphasis 

NoU 2 — Whenever an interrogation point oi a diicot question 
appeals, a ooircsponchng note should appeal m the note-book The “ {f)” 
indicates something to be obseived and reooided 

iVoie 3 — The veiy numerous questions asked m the couise of this out- 
line are intended to be answered, not by speculation, but by oaieful obser- 
vation and reasoning based on the icsults of this Very often the student 
will find it necessary to devise and cairy out further experiments of his own 
before a satisfactory answer is obtained When a question occurs to you, 
endeavor by reflection and study to answer it yomself befoie consultmg an. 
instructor 

Note i — In many cases the work outlined could not in itself furnish the 
basis for an answer, and fuller mvestigation of the point would require work 
beyond the time or ability at the disposal of the beginner Such questions 
are distingmshed by an [R], mdicatmg that Reference to some authouty 
(lecture, book, oi assistant) must be made The numbei following the R 
is tiat of the page m Alexander Smith’s General Chemistry Jor Colleges 
(Second Edition), where the necessary mtormation may be obtained The 
authouty should be consulted, however, only after the expeiunents have 
been made and the notes written up as far as possible 
l^ole 6 — When a chemical change has been observed the equation, 
should always be given m the notes, but an equation alone is never a 
sufficient record 

Note 6 — Wheie the woid [Instiuctions] appears, consult the instructor 
before gomg fuitlier 
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NOTES 


Note 7 — la quantitative expeiimenta, maiked [Quant ], use the finer 
balance, m all other cases the rough scales in the Uboratoiy 

Note 8 — The expiession [Stoieioora] mdicates that the necessary 
appaiatus la not included m the individual outfits 

Note 9 — When the woid [Hood] appeals, the opeiation is not to be 
conducted in the open laboiatory The appaiatus must be at once placed 
close to the dgsk-veiitilator, or be tiansferied to the hood 

Note 10 — AVhere exact quantities aic not indicated, veiy small amounts 
of solutions (Ice or less) should be taken This advice is given, paitly to 
seouie saving of mateiial, but chiefly to avoid the waste of tune which 
working with laige quantities always entails 

Note 11 — To obtain the necessary chemical substances, if the 
chemicals are not furmshed m “kits” to each student, do not caii'y the 
bottles from the side-shelf to the desk Bimg a clean test-tube foi liquids 
and a watch-glass foi solids Foi the latter, a piece of the paper, provided 
near the side-shelf, may also be used When too much of any leagent has 
been taken, do not letum it to the bottle 

Note 12 — The chemicals, if on a side-shelf, are divided into two sets, 
each auanged alphabetically accordmg to the scientific names The first 
Set consists of sohds m small bottles, the second of hquids The bottles 
and their places are numbered consecutively to lacilitate aoouiate rephoe- 
ment, and scrupulous care must be taken not to disarrange them Road 
the labels attentively, as there are frequently several kuids of the same 
substance (e g , pure, and commercial, dilute, concentrated, and normal) 
All materials are supplied thiough the stoieroom semoe Do not 
therefoie take bottles, when found empty, to the instructor, but to the 
stoiekeepei for lefilhng 

Note 13 — The expiession [Prom Instructor], howevei, indicates one of 
a few special substances for which the student must apply to an mstruotor 
Note 14 — The bottles on the desk, if there aie any, contam oortain 
substances which are frequently used These substances will not be found 
on the sido-shelf 

Note 15 — When any acid gets upon the clothmg, apply ammomum 
hy dioxide solution at once 

Note 16 — Bums, whether caused by contact with hot objects, by^^ids, 
or by corrosive hquids hke bromine, are rubbed gently with a paste of 
sodium-hydiogen carbonate and water AU bums, save the slightest, must 
afteiwaids be dressed with an aqueous solution of boric acid (hall -saturated) 
to prevent infection Obtain the assistance of an mstruotoi 

Cuts must be washed m running water and diessed with boric acid as 
above, or with lanolin contaimng 2 per cent of boric acid 

Note 17 — All students work independently, except wheie cobpera- 
tion of two students is expiessly directed 
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CHAPTER I 

MANIPULATION 

Vhe Outfit of Apparatus As ai tides missing or found 
imperfect when the course is completed will be charged foi, 
check the outfit of appaiatus carefully by comparison with the 
list To do this, put all the articles on the top of the desk and 
make a maik on the margin of the list opposite to the names 
of such as you are able to identify, at the same time returning 
the article to the cupboard oi drawer With the assistance of 
an instiuctoi, the remaining, unfamiliar articles can then be 
checked also 

1 Instructions 

a Read the general directions and notes preceding tbs 
chaptei veiy carefully, and do not fail to observe them 

h The number of blast-lamps and balances being limited, 
the whole class cannot pcrfoiin the expeiiments m this chaptei 
simultaneously m the order given The order is, in any case, 
a matter of indifference Two students fiom the group under 
each assistant will begin with glass-woikmg (3) oi weighing 
(6 and 6 a and b) The other students will meanwhile perform 
ap4, and 6 d at the desks 

c Record m the note-book the lesults of 2, 3, 5, and 6 only 

2 Bunsen Burner 

a Attach the Bunsen burner by means of lubbei tubing 
to a gas connection, close the air-holes at the base and light 
Now open the an -holes gradually and note the effect upon the 
flame (?) Close the air-holes again, and hold a poicelain dish 
3 
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[§2 

in the flame What is deposited on the dish? When using the 
burner foi heating purposes, always legulate the air supply so 
as to get a noiseless, non-luminous flame 

b Determine the stiuctuie ot the non-luminous flame 
Which paila arc lelatively hottei, and which coolei'? This may 
be ascei tamed by holding one inateh across the flame 1 5 cm 
fiom the bottom C^), and another neai the top (?) Make a 
sketch showing the leal foim of the flame (?) Wheie should you 
hold an object m the non-luminous flame, in oidei to get the 
gicatcst heating effect? Inscit one end of a naiiovv glass tube 
into the innei cone, and ascei tain whethei any unburnt gas 
ascends through the tube (0 

Which legion is deficient in oxygen and which has an excess? 
The foimei is called the leducmg, the latter the oxidizing region 

Sometimes the flame descends and burns noisily at the bottom 
of the tube This back-fiie happens when too much an is 
admitted Shut off the gas, close the an -holes, tuin the gas on 
again, and relight 

c Place m a watch-glass [Note 12, p 2], a small quantity of 
borax * (sodium tetraborate) Heat your platinum wire, which 
has been inserted into the fused end of a glass rod, and immerse 
the glowing end of the wiie in the borax Use the wire in 
straight condition, without any loop Now, hold the wiie m 
the flame, observe the behavior of the borax, and explain [P 465 
See Note 4, p 1] (?) The bead must be small to avoid its 
chopping off 

d Bung the hot borax bead m contact with a minute particle 
of manganese dioxide [Notes 11 and 12], heat in the flame ne*i 
the outer edge until the particle has dissolved, and observe the 
color of the bead when cold (?) If the bead is opaque, too 
much of the dioxide has been taken melt the bead, throw it off, 
and start again 

* In this Outhne the common, or popular names are often used intentionally 
The systsmatic names must, m such oases, bo found by the stu&eut [R] 
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e Cut off the gas supply until the flame is about 6 cm in 
height Close the an -holes until a luminous point appeals at 
the apex of the imiei cone, and hold the bead containing the 
mangJ-nese dioxide steadily in this luminous (i educing) poition 
Befoie withdiawing the bead, lowei it into the iiiiiei cone of 
unbuint gases to cool Obseive the coloi of the bead (?) 

/ Reheat the bead in the oxidizing pait of the flame (?) 

3 Glass-Working [Blast-Lamp Table Instiuctions, and 
Note 18, below ] 

~ H Cut a small piece off the wide soft glass tubing and make 
a test-tube of it 

h Make a test-tube of haid (?) [R 194] glaus 

c Connect two pieces of naiiow glass tubing to make a 
longei piece 

d Make a T-tube by comiectmg two pieces of nanow glass 
tubing at right angles to each other 

Nule 18 — To out narrow glass tubing make a sbglit, tiansvcrse 
aoritoh with the tiianguUr file Hold the tubing so that the points of the 
thumbs me togetha opposite to the scratch, and picss toxuaid with the 
thumbs so as to bond the tube away fiom this maik Wide tubmg may be 
cut by making a deep suatch completely round the tube and starting the 
crack by touching with the led-hot end of a glass lod Othei methods may 
be shown by the instructor 

Always roimd off (flre-poUsb) the sharp edges of fieshly out tubes bj 
softeimg thorn in the Bunsen flame (why do the edges become lounded?) 
In the case of test-tubes, and othci tubes of rude bore m which eoiks arc 
to be inseited, the mouth must bo strengthened and lendeied fit toi re- 
ceivmg the coi Ic To accomphsh this, heat the edge m the flame and spread 
it^ghtly, but uniformly, by lotatmg m it a pointed piece of charcoal, oi 
by turmng outward the softened edge with the leveise end of a hie 

In making test-tubes and in connectmg pieces of tubing, distend the 
softened parts by blowing immediately before allowmg to cool, otheiwise 
cracks are likely to appeal 

To bend glass tubing, never use the oidinary Bunsen flame (why? 
Note 3) Place the wmg-top on the buinei, and use the resulting fiat 
luminous flame^f fish-tail form Hold the tubmg lengthwise m the flame, 
not across it (why?), turning the tube slowly round its axis to insme uni- 
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foim Loatmg Keep the tube straight until it is soft enough to bend by 
n weight Pmally, do not 
' uttually make the bend while the 
tube IS m the flame, but after 
removal fiom it (why?) 

Hold a piece of tubmg m^the 
Bunsen flame, without rotatmg 
the tube, and bend it wMe it is m the flame (?) Compare the bend with 
one made in the pioper way (Kig 1) and account for the diffeience (?) 


r r rri 

Fig 1 


4 Construction of a Wash-Bottle Select a good cork which 
will fit the mouth of the largebt flask and soften it by lollfag'' 
under the foot upon the floor while press- 
uie is cautiously applied Bore two par- 
allel holes with the cork-borer, and smooth 
them by means of a rat-tail file [Note 19, 
below] Bend two pieces of glass tubmg 
as indicated in Fig 2 [Note 18], fiio-polish 
their edges and insert them in the openings 
in the cork Make the nozzle by softening 
a piece of glass tubing m the Bunsen 
flame, di awing it to capillaiy dimensions 
aftei removal from the flame (Fig 3), 
cutting (6-8 cm long), and fire-polishmg Connect the nozzle 
by means of a short piece of rubbei tubing Test the apparatus 
r- to see that it is an -tight [Note 20] 

Finally, fill the flask with distilled 
L , watei [Note 21] 



Note 19 — The cork borer is usually 
3 made of brass, and the edge is e^y 

turned Poim the habit of examinmg the 
edge and freshenmg it by cautious apphoation of a tnangular file [Instruc- 
tions Note 6] every tune it is to be used Do not hold the cork agaifist 
the table while boring, as the edge of the tool may be rumed Hold the 
cork m the hand and bore from the narrow end, with care, exactly paiallel 
to the axis If the coik and borer are rotated round their axes and the 
edge is fi esh, very httle force will be required Clear the core of cork out of 
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the coik-borei, after utc, by means of the non rod The borer is puiposely 
chosen so as to be smallei than the tubing Its use thus permits the en- 
larging and smoothing of the hole with the rat-tail file until a perfectly 
fitting boie has been made 

AoA 20 — Before use, evciy piece of closed ippaiatus employed in this 
and ad suoccedmg expeiiments must be tested for air-tightness, and 
lendered peifcctly nir-tight In tins instance place in the flask enough 
water to cover the lower end of the longer tube and tiansfei the lubbei con- 
nection to the shoitci glass tube and close it with a clamp Now, blow 
through the longer tube so that a few bubbles of air pass into the flask If 
the apparatus is air-tight the nater will rise in this tube when the mouth is 
\vitKBawn and will lemam in an elevated position If the watei giadually 
sinks to its foimei level, the apparatus is not air-tight Exammatioii of 
the holes in the cork may show defects, which can be remedied only by 
boring a fiesh coik more carefully If the coik itself contains poies, these 
may often be closed by thoiough wetting Do not on any account emploj 
paraffin or seahng-wax to patch defective places in a cork, use a fresh one 

Note 21 — Distilled water is to be used for making solutions and for 
rmsmg glassware (why?) Common water is to be used £oi all othei pui- 
poses 

6 Use of the Simple Balance [Instructions Quant ] By 
turning the seiew attachment in fiont of balance case, lelcase 
the beam and pans, allowing the beam to swing Observe the 
excursions made by the pointer Divide by two the total divi- 
sions covered by the pomtei m one full swing, and count off 
fiom either end of the swing the chvisions which this number 
designates, thus finding the position of the true zeio point The 
beam must swing freely during the observation the zero is never 
to be lead with the beam at rest 

This observed zero point may he a httle to the right or to the 
* leftrjf the marked zeio Note down its distance, m scale divi- 
sions, from the marked zero If it lies to the right, prefix to 
the number of divisions the minus (— ) sign, if to the left, the 
plus* (-k) sign The zero of any one balance changes, and must 

be redetermined every time a weighing is made 

Place a 10 g weight m each pan [Note 22, below], and deter- 
mine the zero ^s before Add the 01 g weight to the right- 
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hand pan, and find the leading about which the pointer now 
oscillates The difference in leading between this point and the 
last deteimined zeio point gives the deflection due to the 01 g 
weight It may be used tor estimating weights less than pi g 
Thus, suppose the 01 g weight causes a deflection of 5 divisions 
to the left (+5) When some body is being weighed, if the 
deflection is +1, then ^ of the 01 g or 002 g , must be added to 
the sum of the weights 

Note 22 — Gieat caic must be taken in the use of the balancej^d 
weights The pans of the formei must be lot down upon their supToita 
when not m use and ovpxy time weights oi other objeots are to be added oi 
lomoved All objects to be placed upon the pins must pipviously be care- 
fully cleaned and dried Solids aic placed upon a watch-glass oi upon a 
piece of gHzcd papci, and nevci diiectly upon the pans The weigjits rr ust 
be lifted from their case by means of forceps, nevci by the fingers They 
arc usually placed on the iight-hnnd pan, the objects to be weighed nn the 
left 

Note 23 — laiockoning losults, count first by the places vaoan m the 
bov, and cheek by couiihng the weights thcmselv&s This will enable you 
to avoid the commonest error m weiglung, 
namely, miscounting the weights Finally re- 
cord the weights in the note-book, and never 
upon loose sheets of paper, as loss of the latter 
will necessitate a repetition of the entire expoii- 
ment 

6 Measuring Vessels [Quaiit ] 
a Fit a burette (Fig 4) with a short 
piece of lubber tubing and gla^s nozzle 
(see 4) The withdiawal of liquid from 
the buiette is legulated by a ^ch 
clamp upon this lubbei connection, or 
by placing a small piece of glass lod (with 
fiie-polished edges) in the middle of the 
rubber tubing to choke the boie (Fig 4) 
In this latter case, pinching the tubing surrounding the glass rod 
will permit the liquid to flow at any desued rate from the nozzle 



Fig 4 
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h Support the burette upon a ring-stand by means of a 
clamp Now fill the bmette with distilled watei, di awing off a 
portion to insuie the complete removal of an fiom the rubber 
tubing and nozzle The last bubble of air may be removed by 
turning the nozzle upward while the water is allowed 
to flow Read the height of water by observing 
the lower side of the memscus (Fig 5) and estimate 
to tenths of a division 

Clean and dry a small beaker caiefully and weigh 
[ i ^ uant ] Allow 10-20 c c of the distilled water Fig 5 
to lun from the bmette into the beaker, lead the new level of 
the water, and ascertain the volume taken by subtiactmg the 
readings Weigh the beaker again and asceitain the weight of 
the watei by subtiaction Calculate fiom youi figures the 
weight of 1 c c of water The lesult is the density of water 
Keep the bealcet and contents foi use in c 
c Place some distilled watei in the giaduated cylinder 
and read its volume Pour about 10 c c of this watci into the 
beakei (aheady partly filled with water), read the volume of the 
lemainder, and find by subtiaction the volume pouied out 
Now weigh the beakei once moie and find the weight of this 
water by subti actmg the previous weight Calculate the weight 
of 1 e 0 of watei 

Is measuring volume by burette oi by cylmdei more accurate 
and wby*^ 

, d Measure by means of the cylinder , loughly , the volumes of 
water youi flasks and beakei s hold, and record the figures Fill 
’ the-*^ssels to a convenient height for use, and not to the bum 
7 Physical Properties, Attributes, and Conditions Make a 
hst of the physical properties [R 19] of water, so far as you have 
observed them (?) 

Which attnbutes [R 20] were employed m 6 6 and c? 

What conditions [R 20] (temperatures and pressures) existed 
while 6 a and & weie peifoiined? 
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CHAKACTERISTICS OF CHBMICAI/ PHENOMENA 

8 Qualitative Study of Chemical Phenomena 
a Rub a piuch (about 0 5 g, ) of powdeied loU sulphui witb. 
a very small globule of mercury (use the diopper) m a moi- 
tar (?) When the mass has been intunately ground together 
for about five or ten minutes and no pai tides of meicury are 
longer observable, place it in a diy test-tube and add about 
3cc of carbon disulphide [CARE' Keep away from flames], a 
solvent foi the free sulphui Shake well (do not apply heat) 
and then pour off the clear solution into the sink [Hood Note 
25, below] Repeat, shaking well and pouiing away the cleai 
hquid Continue this opeiation until a sample of the decanted 
liquid fails to give any sulphur by spontaneous evaporation 
upon a watch-glass What is the product remaining in the tube 
[R 635]? By means of a few c c of carbon disulphide wash this 
product out upon a filter paper [Note 24, below] and allow it to 
dry To show the composition of this substance place it in a 
small, clean, dry test-tube and heat strongly over a flame 
What odoi IS noticed at the mouth of the tube? What product 
IS found to sublime upon the walls of the test-tube? Rub the 
subhmate with a glass rod (?) What evidence of chemical 
change have you noticed in the above experiment? 

The mortar may be cleaned by placing m it a few drops each 
of hydiochlonc acid and of mtnc acid 

Note 24 — Cut fiom a sheet of filter paper a piece 7 cm (3 incites) 
square Fold the square twice m duections at right angles to one another, 
so as to obtain a square of one-fourth the previous area Out off the loose 
corners with scissors so that a quadrant is formed Open the folded paper 
10 
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so that a cone is produced. (Fig 6), and place the cone in a dry glass funnel 
Smaller oi larger pieces of paper are taken according to the amount of the 
precipitate or of the liquid to be filtered, the smallest size that will sei ve the 
purpose being prefeired The funnel 
must- be chosen so that the filter 
paper, after bemg tiunmed and placed 
in position, does not qmte reach the 
edge, much less pi eject above it 
While in use, the funnel is placed in 
a ring on the stand, and is not to be 
hel^ n the hand 

2S — Pour away all iH-smell- 
iiig substances, like caibon disulphide, 
in the sink in the hood and not in the 
ordmaiy sinks oi jars 

b Make sepaiate lists of the 
physical propeities of mercuiy, 
of sulphui, and of inercunc 
sulphide, as you have obseived 
them (?) Aie mercuiy and sulphur the components, or the 
constituents of meicunc sulphide’ 

c Gunpowder is made from saltpeter (potassium nitrate), 
loll sulphui, and charcoal Take specimens of these three sub- 
stances, and examine them with respect to propeities which can 
be used for recognition and separation [E, 11, 12, 19], such as 
appearance and solubility m vanous solvents Try the solu- 
bihty of each in distilled water and in carbon disulphide, using 
"in the latter case thoroughly diiud (why?) test-tubes [Notes 25 
,,and 26] Do not judge of solubility by the eye, but filter the 
mixture [Note 24], catch a few drops of the liquid on a watch- 
glass, evaporate, and see whethei there is any greater stain on 
the glass than the puie solvent would itself have left The 
taste (’) of the saltpeter is a chaiactenstic property 

Now place about 1 g of gunpowder in a large test-tube and 
add 5-10 c c of^watei Shake well (after closing the test-tube 
with the thumb), warm gently, and filter [Note 24] Evaporate 



Fig 6 
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the filtrate upon a water bath or over a beakei of boihng water 
(Fig 7) Describe and name the residue (?) Dry (why?) the 
filter paper and its black contents ovei 
a radiator oi m a diying oven S)iake 
the diied product with cold cdrbon 
disulphide in a dry [Note 26] test- 
tube, filter, and allow the filtiate to 
evaporate [Hood] spontaneously (?) 
What lemains upon the paper? 

Did any chemical change ffCCm 
during the manufacture of gun- 
powder? Are the thiee substances 
components or constituents of gun- 
powder? Is the latter a mixture or a 
compound? 

Why are the ingredients ot gun- 
powder pulverized so finely and mixed so intimately? 

Note 26 — To dry test-tubes or flasks quickly, aftei recent washing, 
waim them shghtly in the Bunsen flame, connect with the an supply of a 
blast-lamp a piece of glass tubing long enough to reach to the bottom ot the 
vessel, and allow a gentle stream ot air to flow through the tube and vessel 

9 Law of Definite Proportions * [Quant E, 17] 

Obtain two pieces of pure lead of different sizes, about 
0 5 g and 0 6 g respectively Clean and dry two evaporating 
dishes, taking caie to lemove any paper labels which may be^ 
attached to them, and weigh each with care [Quant , balance] 
Place one piece of the lead in each and weigh again Bscoid* 
the results m the form shown below The difference wiU give 

* Before begmnmg, always endeavor to ascoitam the object of each e«pen- 
ment By this means confused woik and much waste of time will often be 
avoided, and significant facts to be observed and recoided will not escape notice 
Consider, first, carefully the title, as it will usually indicate the object ol the 
exercise If the title is not at once fully understood, look up the topic m a 
reference book before gomg further 
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the exact weight of the lead Be careful in your notes, and in 
handling, to distinguish the dishes fiom one anothei 
Dilute 7 c c of puic, concentiated nitnc acid iwth 14 c c of 
wat§i in the giaduated cylinder and add to the lead in each 
dish 10 c c of the diluted (1 2) nitiic acid Cover each dish 
with a watch-glass, convex side downwaid, and set upon the 
water bath An extia Bunsen burner [Stoieroom] and two 
beakers containing water may be used as baths, as in Pig 7 
[Hood] A match inserted between the dish and the beaker 
peShits escape of the steam and prevents the possible upsetting 
of the dish by the vapor When the action is ovei, and the 
lead has entiiely disappeared, imse the lowei suiface of each 
watch-glass into the dish by means of a httle watei fiom the 
wash-bottle Then add to the contents of each 5 c c of puie 
dilute hydiochloiic acid This causes the precipitation of a 
compound of lead and chlorine whose weight is next to be detei- 
mined To accomplish this, the watei and othei substances 
piesent (except the lead chloride) being all volatile, the mixtuie 
IS diied by evaporation on a water bath When the contents 
of the dishes aie diy, moisten the contents of each with 2 c c of 
pure, concentiated hydrochloric acid and dry once more Now 
transfer the dishes, one at a time, to the clay tiiangle supported 
on the nng-stand, and heat the whole residue cautiously with a 
small Bunsen flame Watch it narrowly and do not allow any 
of it to melt When the dishes aie cold, weigh each again with 
* care The increase in weight ovei the previous value m each 
case gives the weight of chlonne which has combmed with the 
kno'wn weight of lead 

Dish No 1 Diah No 2 

Wt of dish with lead (silver) 

Wt of dish, empty 

Wt of lead (silver) 

Wt of dish with lead (silvei) ohlonde 
Wt of dish wilji lead (silver) 

Wt of chlonne 
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Dish. No 1 Dish No 2 

Wt of lead (silver) 

Wt of chlorine 

Wt of lead (silver) cbloride 

No 1 No^2 

Per cent lead (silver) (x) ’ 

Per cent chlorine (r') 

Calculate from each of the two sets of data the percentage of 
lead (x) and of chlorine (x') m lead chloride 

Wt of lead used Wt of lead chloride x 100 
Wt of chlonne found Wt of lead chloride x’ 100 
Compare the results of the two measurements and inteipiet 
10 Law of Definite Proportions * [Quant R 17] 
a To secure almost ideal results, two pieces of pure silver foil 
of about 0 5 g and 0 6 g should be substituted for the lead 
m 9 Record the weights as shown above 
Dilute 5 c c of concentrated nitric acid with 5 c c of distilled 
water in the graduated cylinder and add to the silver m each 
dish 5 e c of the diluted (1 1) acid When the action is over, 
and the cover-glasses have been iinsed, as in 9, add 2 c c of 
pure, dilute hydrochloric acid to the contents of each dish This 
causes precipitation of a compound of silver and chlonne 
Evaporate the liqmds to diyness [Hood] and heat the residues 
at once until signs of meltmg are seen Weigh each dish The 
mcrease m weight ovei the previous value m each case gives the 
amount of chlorine which has combmed with the Imown weight 
of silver 

Calculate from each of the two sets of data the percentages 
if silver {x) and of chlorme {x') m silver chloride 

Wt of silver used Wt of silvei chloride x 100 r. 
Wt of chlonne found Wt of silver chlonde x' 100 
Compare the results of the two measurements and interpret (?) 

* Soa footnote, p 12 
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Before cleaning the dishes, tiansfei the silver chloride to the 
bottle for silver waste 

b Clean and dry two evaporating dishes, taking care to 
lempve paper labels which may be pasted upon them Weigh 
each' dish [Quant , balance], and lecoid the results as shown 
below Place in each some sodium-hydiogen carbonate, m the 
one about 1 g and m the other about 2 g , and weigh agam 
Tieat both alike, as follows Dissolve the sohd in pure dilute 
hydiochloric acid [R 52], adchng little by httle and covermg 
'wuil a watch-glass between successive additions to avoid loss 
by spirting When the solid has wholly dissolved, wash the 
watch-glass over the dish, and evaporate [Hood] the contents 
of the latter on the water bath, or on a beaker of boiling water 
(Fig 7) (Avoid loss of time by boiiowing a second Bunsen 
bmnei and gas tubing temporal ily from the storeroom ) Allow 
the dishes to become peifectly cold, and weigh To make sui-e 
that the drying was complete, heat once more for lialf an hour 
and, when cold, weigh again This precaution is taken in all 
experiments of this kind The product is common salt 

Dish No 1 Dish No 2 

Wt of dish -h sod bicaib 
Wt of disb (empty) 

Wt of sod bicarb 
Wt of disb -t- salt 
Wt of disb (empty) 

Wt of salt 
Ratio (t) 

Calculate the proportion of carbonate taken to salt produced 
thu'T 

Wt of carbonate Wt of salt 1 x 
Compare the two values of x found from the two differmg quan- 
tities of the carbonate and inteipiet 
What physical pioperty of hydrochloric acid permits use of an 
excess of the acid without damage to the result? What form 
of statement ol the law is verified directly by this experiment? 
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OXYGEN 

11 Sources (p 12, footnote) Heat small quantitie§„rfi;£' 
barium pei oxide, lead dioxide, potassimn nitiate, silicon dioxide 
(sand), and manganese dioxide (dry this before use by heatmg 
it for a few mmutes in a poicelam crucible) separately in a hard 
glass test-tube [Note 27] Observe whether any gas is given 
off, and apply the test of the glowing splinter of wood [Note 28] 
If the Bunsen flame gives no result, try the blast-lamp Note 
any changes in appearance during the heating and describe the 
residues [Note 29] Clean the test-tube carefully with hot 
nitiic acid [CARE] and dry it [Note 26, p 12] after each experi- 
ment 


Note 27 — Use the clamp and rmg-stand to support the tube, or grasp 
it by means of a stiip of folded filter papei (Fig 8) In either case it must 
_ be kept m a horuontal position, otheiwise condensed moisture 
may run down and cause it to ciack 

Note 28 — Use a long sphnter of pme wood bearing a spark 
at one end (why not an ordmary match’) Such a sphnter is 
at once kmdled by oxygen 

Note 29 — Beginning with this chapter include in your notes 
g equatioi^ for all the ohenucal changes you observe Whap no 
“ change is observed, do not attempt to give an equation until 
otheiwise instructed (Chap IX) In the present experiments the formulra 
of the materials used wiH have to be sou^t in the text-book The f onnnhe 
of the pioducts wiU also be sought m the book aftei the physical properties 
of the product and the evolution or non-evolution of oxygen have been 
noted and an indication of what to seek foi has thus been obtained For 


other information m regard to the note-book, see the “Geperal Dn-ections,” 
Notes 1-6, p 1 

16 
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12 Catalytic Action 
a Place in a test-tube a little potassium chlorate, fix the 
tube in a veitical position by means of a burette clamp attached 
to i^e ling-stand, and melt the substance at the lowest tem- 
peiature at which this is possible (patience') Note whether 
theie is evidence of the evolution of oxygen Now thiow into 
the molten material a pinch of powdeied manganese dioxide (?) 



[Note 2, p 1], keeping the face out of the path of anything 
which may accidentally be pi ejected from the tube Intel pret 
[R^27, 29] (?) 

“b Devise a way of showing that the manganese dioxide, 
used as in a, lemains unchanged after the action, and that it 
IS .the potassium chloiate that loses its oxygen, and try it (?) 
Consult the mstructor m regard to the details of your plan 
before executing it 

13 Preparation Mix on paper about 5 g of potassium 
chlorate and *2 g of powdeied, dried (see 11) manganese dioxide 
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Place the mixture m a hard glass test-tube piovided with a one- 
hole coik or rubber stopper and deliveiy tube (Fig 9, the deeply 
shaded parts aie rubber) Test the appaiatus to see that it is 
an-tight [Note 30, below] ^ 

Clamp the test-tube on the ring-stand and heat carefully, 
with a small flame, so as not to cause too violent an evolution 
of oxygen Collect foui bottles of the gas over watei in a 
pneumatic trough, taking care to remove the dehveiy tube 
fiom the water as soon as the bottles are full of oxygen (why"?) 
The test-tube may be cleaned by allowing it to soak in wateT^" 
Note 30 — To test for alr-tightnosa, place the end of the delivery 
tube m the mouth, withdiaw some of the an by auction, and note whether 
or not the tongue will adhere to the end of the tube If it will not, there 
la a leakage which must bo remedied 

14 Properties [Note 5, p 1] 

a Place a very small amount of sulphur m a deflagiatmg 
spoon. Ignite it, note the odoi, and then lower into a bottle of 
oxygen (’) [Note 2, p 1] 

Remove the spoon, and note the odor of the gas m the bottle 
Then add a little water to the bottle, close the mouth with the 
hand and shako (7) Test the water with blue litmus papei oi 
solution [R 53, 258] (?) Make hats of such physical [R 19] 
and chemical properties of the product as you have observed C?) 

b Place a little red phosphorus m the spoon, ignite it, and 
lower mto the second bottle (f) 

Pioceed as m a Test with blue litmus [R 53] (?) Why 
does the product form a smoke, instead of lemainmg in the 
spoon? ■*> 

(If yellow phosphorus is used, it must always be cut under 
watei and handled with forceps Gieat caie must be taken 
not to touch it with the hand, as it catches fire easily, and 
causes very severe burns Red phosphorus is safei, and should 
be employed if available ) 

c Lower a splinter of glowing charcoal into thd thud bottle, 
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holding it m the tongs or wrapping the end of a piece of copper 
wiie round it (?) 

Proceed as m a (use no litmus), and cover the mouth of the 
bottle with a glass plate Add some hmewatei (calcium 
hymoxide) and shake again [B. 384] (?) 

IB Slow Oxidation of Metals Devise a way of showing 
that an loses a pait of its substance (not, e g , that the iron 
gets heavier, but that the air dimimshes in amount) when 
moist iron powder lusts, and try it Submit your anangement 
"ioTihe mstructor for ciiticism before using it 
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HYDROGEN 

16 Interaction of Metals and Acids 

a Place a few small pieces of each of the metals, tin (gr3lff 
ulated), copper, iron (fihngs), zinc (gran ), lead (gran ), alumm- 
lum (turnings), and magnesium (wire) in sepaiate test-tubes 
Place in the measurmg cylindei 20 c c of puie oonccntiated 
hydiochloiic acid [R 52] and add an equal volume of water 
Add 6 c c of the mixtuie to the contents of each test-tube (?) 
Observe each case critically [Note 31, below] and record the 
results [Note 29, p 16], noting the order of the metals m respect 
to activity Action on the aluminium will not occur until the 
tainish has been removed from the suiface by the acid If no 
action occuis in the cold, try the effect of gentle heating If 
heating seems to produce gas, remember that it may be hydro- 
gen chlonde (why?) or steam and not hydiogen The presence 
of hydrogen may be inferred from continued effervescence 
(liberation of a gas in bubbles) when heat is not being fuimshed, 
and may be proved by the slight explosion which follows when 
a hght IS bi ought to the mouth of the tube But hydrogen will 
not burn when mixed with much air or with other vaporous 
substances (why?) After the action has ceased, filter any ofle 
of the solutions and evaporate [Hood] it to chyness on the sand 
bath (?) 

Can you give any grounds for the behef that the hydrogen 
comes from the acid and not from the metal or the water? 

Which metals, not used above, will displace hydiogen from 
dilute acids [R 60, and Appendix VII]? In what' ways, if at 
20 
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all, does the order of activity you have observed differ from 
that accepted by chemists? 

In malong the equations foi these actions all that is needed, 
beyond the mfoimation given above and acquired by obser- 
vation, is to find the formulm of the products These are 
not here to be sought by measurement, but in the text- 
book [R] 

b Ascertain the influence of the physical state of the metal 
on its appaient activity by adding some zinc dust to the same 
S^nd [R 35, foot] 

c Place one small piece of pure zinc into each of two test- 
tubes and add diluted sulphmic acid to both tubes If little 
or no action takes place in the cold, try upon one tube the effect 
of heating (?) Tiy the effect of putting a platinum wire in 
contact with the zinc in the second tube (?) Notice where the 
hydrogen appears to come from, and explain [R 65] With- 
draw the platinum wire, add two drops of cupiic sulphate solu- 
tion and shake until the blue coloi is lemoved from the solution 
(?) Is the zinc stiU silveiy? What is the substance upon the 
zinc [R 259], and what effect does it pioduce upon the apparent 
activity of this metal? Explain (?) 

d Now compare (?) the behavioi of concentrated sulphmic 
acid with that of the diluted acid used in 16 c, by placing some 
zmc (gian ) in a test-tube and adding enough of the concen- 
tiated acid to baiely cover the metal (?) After noticing the 
effect m the cold (?), apply heat (?) Odor (?) What 
products aie foimed [Note 31, below]? 

' e Tiy the mteiaction of acetic acid with zinc (gran ) or iron 
(fihngs) Apply heat, if necessary 

• Note 31 — In observing an interaction a chemist first mixes the sub- 
stances thoroughly by shaking If nothing occurs, he then heats If his 
eye detects evidence of the pioduction of a gas or vapoi, he finally smells 
the contents of the tube Apply these thiee methods of observation to i 
befoie drawifig any conclusion 
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17 Other Methods of Obtaining Hydrogen 
a Descube the result of throwing pieces of sodium and 
of potassium into water, as you recall having seen it [Class- 
room] Write the equations for these two actions (?) What 
other metals displace hydrogen fiom water [R 60]? ^ 

h Fit a test-tube with a one-hole cork and dehvery tube 
(Fig 9) Pulverize about 2 g of sodium hydi oxide, mix it 
intimately m the mortal with about 3 g of zinc dust, and place 
the mixtuie in the test-tube Insert the coik and deliveiy 
tube, test the appaiatiis for air-tightness [Note 30, p 18], awi" 
clamp the tube in a horizontal position (why?) Heat the 
mixture and collect the gas (?) over watei (Fig 9) m a test-tube 
If the tube should crack [caution'] cease heatmg at once To 
learn whether the gas is combustible, when the test-tube is full 


of the gas, close the mouth with the thumb and carry the tube, 
mouth downwaid, to a flame (?) 

18 Preparation of Hydrogen [Same apparatus is used foi 19 
and 20] Fit a 250 c c flask, or w -m bottle, with a safety 
tube and exit tube (Fig 10), and test for air-tightness Place 
in the flask some commercial, gianulated zmc, close the appara- 



Fig 10 


tus, and attach to the L-shaped exit tube, by 
means of a short piece of rubber tubing, a 
longer glass delivery tube Now pom 30-40 
c c of dilute hydrochlonc acid thiough the 
safety tube Test the issumg gas until it is 
found free from an [Instructions The gas 
must not be igmted at once or the appaiatus 
wiU be blown up (whence comes the air mixed 
with the hydrogen?) Collect samples of the 
gas from time to time by raising the delivery 
tube and inserting it to the upper part 


(why?) of a small test-tube held m an mverted position Close 


the mouth of the test-tube with the thumb, and bring the mouth 


of the tube (still mverted) to' a distant flame When the gas 
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contained in the test-tube, aftei the fiist explosion of the part 
neaiest to the mouth, bums quietly, the gas is fiee from air 
Call an mstiuctoi to inspect the test] Keep the apparatus m 
opeiation foi use m 19 and 20 

iD Properties of Hydrogen 

a By collection over -watei m the pneumatic trough, fill a 
test-tube with hydiogen Using this, and a similai test-tube 
filled with an , show by an experiment that hydrogen is lighter 
than an ('^) 

■^ill anothei test-tube with hydrogen and apply it closely, 
mouth downwaid, to a test-tube of air, mouth upwaid Allow 
the tubes to lemain m this position foi three minutes, then 
bimg fiist the lowei and then the uppei tube quicldy to a 
flame (’) What fact about diffusion does the result illustiate? 

b Fill anothei test-tube with hydiogen, as m a, and, hold- 
ing it mouth downwaid, insert into the tube a burning splinter 
Does the sphnter continue to buin^ Explain 

c Remove the glass dehvery tube, and connect a glass 
nozzle with the exit tube of the geneiating flask Piess the 
mouth of the nozzle close against the side of a cold, diy beakei 
If moisture is deposited from the unlighted gas (what is its 
source?), fill a U-tube with calcium chloiide [R 475] and con- 
nect it between the exit tube and the nozzle Does the gas now 
deposit moistme upon a beaker? If not, ascertain that the 
issuing gas is not explosive (see test in 18 ), and set file to it 
What IS the color of the flame? Does the coloi change, and, if 
so, why? Hold a cold, dij', inveited beaker over the flame 
What IS deposited on the beakei? Why did we use dned hydro- 
gen for this expenment? Keep the apparatus in operation for 
20, unless a Kipp’s apparatus is available oi hydrogen is fur- 
nished in the laboratory 

Turn off the gas supplying the Bunsen buinei, remove the 
burner, and push a glass nozzle tightly into the end of the gas 
tubing Tuna on a gentle stieam of gas and set file to it Hold 
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a cold, dry beakei over this flame (?) What infeience in re- 
gard to illuminating-gas do you diaw? 

20 Eeduction by Means of Hydrogen [Two students work- 
ing together] Fit a haid glass tube, 25-30 cm long and open 
at both ends, with perforated coiks and short glass tubes 
11) Support it on the ring-stand by means of a clamp grasping 
it close to one end Dry 1-2 g of 
feme oxide by heating in a porcelain 
crucible Put the oxide into the 
poicelam boat and place the lattei:.«r^ 
the haid glass tube neai the end re- 
mote fiom the clamp (why?), but not 
so near that the subsequent heating 

will char the coik Insert the corks 

with their tubes Connect the tube 
" nearest to the boat with a Kipp’s ap- 

paiatus and diymg bottle (Fig 23, 
p 89) delivering dry hydiogen, or with the laboratory supply 
of the gas, or with the apparatus furmshmg dry hydrogen used 


Test the issmng gas to see that it is not explosive (see 18) 
and repeat the test every time the apparatus is opened Now 
heat the boat and contents, at first gently by waving the flame 
under the tube, and latei stiongly until the material is led-hot 
Obseive the effect upon the ferric oxide [R 635] (?) Does any- 
thing condense in the cooler end of the tube? 

What is the action of steam upon heated iron [R 51-52]? 

Repeat the above experiment, using fleshly heated alumm- 
lum oxide in place of feme oxide, and otherwise following the 
directions exactly (?) If no effect is noticed aftei an oxide 
has been at a red heat for three minutes, absence of action 
may be mfeiied How do you account for the result obtained 
with alumimum oxide? Which oxides are reducible by hydro- 
gen [R 60]? 
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21 Composition of a Sulphide of a Metal [Quant Note 22, 
p 8] Weigh the crucible (without oovei) to the nearest 
"ceutigiam, counting the weights as de- 
scribed in 5 Place about 2 g of “le- 
duced” nickel (do not attempt to take 
this amount, exactly) in the ciucible and 
weigh again Set down the weighing as 
shown below Put about 2 g of sulphur 
in the crucible and set the lattei on the 
pipestem tiiangle (Fig 12) Set the 
cover on the ciucible, and heat gently 
so long as sulphur vapoi bums [Hood] 
at the chink between the crucible and 
cover Heat strongly foi 1-2 minutes 
Then hold the flame against the uppei 
portion of the crucible, so that all free 
sulphui may be diiven off When the crucible is cold (not 
before), remove the cover and weigh 


Fig 12 



Wt of ciucible nickel g 

Wt of crucible, empty g_ 

Wt of nickel taken g 

Wt of ciucible -t- nickel sulphide g 

Wt of crucible mckel g_ 

Wt of sulphur combined g 

Wt of crucible -t- nickel sulphide g 

Wt of crucible, empty 

Wt oftnickel sulphide g 
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26 COMPOSITIONS AND FORMULA OF SUBSTANCES [§ 22 

Calculate the percentage composition of mckel sulphide (?) 
Fiom your results, calculate the formula of nickel sul- 
phide [R 45] and show m your notes the method of calcula- 
tion (^} Make the equation foi the umon of nickel and 
sulphur 4" 

22 Composition of an Oxide of a Metal [Quant Note 22, 
p 8] On account of the difficulties attending the making, 
the collecting, or the weighing of most oxides foimed by diiect 
umon. the following indirect method is suggested It consists 
m converting a known weight of a metal into the nitrate of -the' 
metal by the action of nitnc acid, and obtaimng the oxide by 
decomposition of this salt Make no equations foi these actions 

a Composition of an oxide of iron Weigh an evapoiatmg- 
dish of medium size, place m it about 1 g of pure non wire, and 
weigh again Count the weights as desciibed m 5, and record 
the results as shown below (’) Cover the dish with a watch- 
glass, convex side downwaid, and add 10 c c of puie dilute mtne 
acid Set the dish, coveied, on the water bath until the iron 
has dissolved, adding a few drops of concentrated mtiic acid 
if any of the wne remains unattacked [Instructions] Then 
rinse the covei -glass carefully into the dish and lemove it, and 
evapoiate the solution to dryness on the water bath or on a 
beaker of boiling water [Hood] When the residue (what is 
it?) IS diy, place the dish on a clay tiiangle supported on the 
ring-stand and heat caiefully with a buinei held m the hand as 
long as any red fumes aie given ofl During this process, and 
especially at fiist, great eaie and patience must be exercised, 
as too rapid heating may cause solid pai tides of the product to 
be thrown from the vessel If any crackling noise is observed, 
remove the burner at once When, after final strong heating 
of every part of the material, led fumes or other evidence of 
continued change can no longer be perceived, allow the dish 
and contents (?) to cool and weigh them To make sure that 
the decomposition was complete, heat once moie, cool, and 
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weigh again This piecaulion is always necessaiy in experi- 
ments ot this natuie 

Befoie cleaning out the dish, show the results of the calcula- 
tion (below) to an lustiuctor If the percentage of oxygen is 
too tow, and no loss flora spirting occuired, some iron may have 
remained unattacked To remedy this, moisten with concen- 
trated nitiic acid, heat once moie, and weigh (?) 


Wt of ciucible -(- non g 

Wt of crucible, empty g 

Wt of iron ^ 

Wt of oiucible -j- oxide of iron g 

Wt of oruoible + non 

Wt of oxygen g 

Wt of crucible -|- oxide of non g 

Wt of ciuciblo, empty g_ 

Wt of oxide of iron g 


Calculate from >oui results the percentage composition of the 
oxide of non (?) 

Assuming the atomic weights of non and of oxygen to be 55 8 
and 16, respectively, calculate from your data the formula of 
the oxide of iron [R. 45] What is the name of this oxide'? 
What other oxides of non aic known [R]? What is the valence 
of the iron in this oxide? 

b Puie zinc (about 1 g ) may be used instead of iron The 
manipulation is the same as in 22 a The icsidue from evapo- 
ration IS a syiup-hke body, howevei, which cannot be dned 
Extra caution must, therefoie, be used in heating this to avoid 
loss by spirting 

Tabulate the results as shown in 22 a, and make the corre- 
sponding calculations (?) 

c Magnesium wire (about 1 g ) may be used instead of zinc 
(22 h) Equal care is lequired dunng the evaporation and 
heating Tra*(about 1 g ) may also be used 
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23 Composition of a Ghlonde [Quant Note 22, p 8] Weigh 
an evaporating-dish of medium size, place m it about 2 g of 
puie zinc, and weigh again (?) Tabulate the lesults as shown 
below Add a little diluted (1 Aq 2 acid), pure, concentrated 
hydrochloiic acid and covei with a watch-glass, convex%de 
downwaid If the action is very slow, the tip of a platinum 
wiie may be placed in contact with the zinc Maintain a brisk 
action b> further additions of coiiceiitiated hyihochloiic acid 
in very small amounts at a time Final excess of the acid should 
be avoided, as time will be lost in the subsequent evaporation 
When the metal is completely dissolved, rinse the cover-glass 
and platinum wiie carefully into the porcelain dish and lemove 
them Allow the solution to evaporate as fai as possible on 
the water bath or on a beaker of boiling water [Hood] Now 
place the dish on the ring-stand, and, using a small Bmisen 
flame, allow the syiup-like solution to evaporate slowly to 
diyness Then heat the white mass to the point at which 
it has completely melted and no further The best way to 
achieve this with the minimum rise in tcmpeiatuie is to let the 
Bunsen flame play on the surface from above Overheating 
must be avoided, because the pioduct is volatile, giving white 
fumes, at high temperatuies The moment the dish has so far 
cooled that the hand can be borne upon the bottom, wipe the 
dish carefully and weigh it The substance absorbs moistuie 
greedily fiom the atmosphere, hence expedition is required in 
cooling and weighing if accurate results aie to be obtained To 
insure accuiacy, the melting, cooling, and weighing should be 
repeated, and the lowei lesult taken as correct 


Wt of dish -t- zinc g 

Wt of dish, empty g 

Wt of zme ^ 

Wt of dish + zinc chloride g 

Wt of dish -h zme g 

Wt of chlorine 
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Fiom yom results, calculate the equivalent weight of zinc, 
i e the weight combining with 35 46 paits of chloime (2) 

Assuming the atomic weights of zinc (63 37) and of chlorine 
(35 46), calculate fiom your results the formula of zinc chloiide 

EiEpiess the whole action of hydiochlonc acid on zmc m 
symbols by making the equation in accordance with these 
conclusions Which ot the factors in the equation have you 
determined experimentally, and which not? What law do we 
use in assuming that the undetermined factors are coirect? 

■What weight of 35 ^er cent hydrochloric acid was actually 
lequiied foi the weight of zinc taken’ About how much did 
you use’ 

24 Combining Weights of Lead or Silver and Chlorine 
Fiom the weights of lead (91 or silver (10 a) and chlorine 
found to combine, calculate the formula of lead (or silver) 
chloiide 

26 Equivalent Weight of a Metal by Dlsplacmg Hydrogen 

[Quant ] 

a First fill the pneumatic trough and 1-litei bottle with 
water so that the liquid may acquire the temper atuie of the 
room Fit a 100 c c flask somewhat as in Fig 10, using m place 
of the thistle-tube a diopping-funnel (see 26 b) To cany a 
doubly-bored cork the mouth of the flask must be rathei wide 
A larger flask than 100 c c must not be employed on account 
of the waste of acid its use would entail A sufficiently wide 
test-tube, oi a w -m , 90 c c bottle, however may be used The 
stem of the chopping-funnel must reach to the bottom of the 
flask (or test-tube or bottle), and the inner end of the L-tube 
must not pi oj ect below the bottom of the cork Attach a i uhher 
01 glass delivery tube and see that the apparatus is air-tight 
Weigh a piece of chemically pure zmc, taking about 2 g (?) 
Without detaching your platinum wire from the glass rod, wrap 
it tightly round the zmc (why?) and allow the whole to shde 
gently into tfle flask Fill the apparatus completely, from the 
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top of the &tem of the funnel to the tip of the dehveiy tube, with 
watei Close the stopcock when the bulb has ahno&t emptied 
itself Inveit the l-hter bottle, filled with water, on the shelf 
of the pneumatic trough, and put the delivery tube m position 

Fill the globe of the funnel with pure concentrated^ hy- 
diochloric acid and admit this to the flask, a little at a 
time, in such a way that a steady, but not too’ violent, action 
takes place A good deal will be needed at fiist before suffi- 
ciently lapid action begins (why?) When the metal is entiiely 
dissolved, drive all the gas over into the bottle by pouring watei ' 
once more through the funnel (be careful that no an is carried 
over with the watei) 

The weight of the hydrogen which has been displaced by the 
weighed quantity of zinc is to be ascci tamed in this experiment, 
not by direct weighing, but, as follows, by measuiing the volume 
of the gas and calculating its weight from this and the density 
of hydrogen 

When the gas has acquired the temperature of the water and 
room, lower the bottle until the level of the water outside and 
inside IS the same If there is still a good deal of water in the 
bottle, the latter may have to be inclined to accomplish this 
and the following operation Close the bottle with a cork while 
it is m this position and remove it from the trough To find 
the volume of the gas, measure with the giaduated cylinder the 
volmne of water leqmred to completely fill the bottle (?) The 
volume of water needed is equal to the number of c c of hydro- 
gen Record the temperature of the bydiogen by leading a 
thermometer hung in the laboratory close to the apparatus 
Read the barometer, and record the corrected leading [R 71] 
(Appendix I) Since the hydrogen is mixed with water vapor, 
correct for the lattei bj'' subtracting the aqueous tension 
(Appendix II) at the obsetved laboratory tempeiature fiom the 
corrected barometric leading This gives the true partial pres- 
sure of the hydrogen ^ 
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Wt of zinc taken 
Vol of hydiogen obtained 
Temperature 
Barometiio height (coir ) 
i^ension of aqueous vapor 
Press of hydiogen, coir 
Vol of hydrogen at 0° and 700 mm 
Weight of this hydrogen g 

Reduce the volume of the hydiogen, by lule, from the ob- 
served tempeiature and partial piessuie to 0° and 760 mm 
[R 72] Find by calculation (1 litei weighs 0 09 gi at 0° and 
760 mm ) the weight of the hydiogen obtained Calculate the 
equivalent weight of zinc, i e , the weight of the metal {%) which 
displaces 1 008 g of hydrogen 

Wt of hyd Wt of zinc 1 008 % 

Calculate fiom the lesult how many equivalent weights of 
hydrogen would be displaced by 65 4 g , the giam-atomic^ 
weight, of zinc What is the valence of zinc? 

How many foimula-weights of hydiogen chloiide 
arc required to furnish the hydiogen displaceable 
by one atomic weight of zinc? Wnte the left- 
hand side of the equation m accordance with 
this lesult 

Wash the tiough carefully until it is absolutely 
free from acid, and put it away in an inverted 
position to avoid rusting 
h The above experiment may be perfoimed 
with magnesium (about 0 9 g ), iron (about 1 8 g ), 

01 aluminium (about 0 8 g ) in place of zinc 
In the absence of a diopping-funnel, a substitute 
may be made by connecting a funnel with a 
straight tube by means of a rubber joint closed with a pmch 
clamp (Fig 13) Or, the aspirator (Fig 14) may be used 
here, the metSl (half the above quantities), water, and a smaller 
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tube containing the acid being placed in the test-tube, and the 
mmng being effected by inclining the bottle aftei the appaiatus 
IS connected 

26 Inter-Eqmvalence of Equivalent Weights (Law of Recip- 
rocal Propoitions) If 22 h was peiformed, compare the c|uan- 
tity of ?mc which combined with 8 g of oxygen with that which 
in 26 a was found to displace 1 008 g of hydiogen If they are 
identical, these two quantities of oxygen and hydrogen are 
chemically equivalent and may combine with one another 
What substance has piecisely this composition? 

If magnesium was used, m 26 h, compare the quantity with 
that combimng, in 22 c, with 8 g of oxygen and answei the 
same question 
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WATER, 

27 Purity of Water Place a few drops of distilled water 
on a clean watch-glass (not an evapoiating-diab Why?) and 
evaporate on the watei bath Do the same with oidmary watei 
Obseive whether any stains remain on the glasses (?) What 
class of impurities would leave no trace of their presence in 
this test? 

28 Union with Oxides Place a pinch of cupric oxide m a 
test-tube and wash it by shalong with a little distilled water 
and pouiing off the liquid Add more watei and shako again 
Test this latter solution with htmus papei (?) At the same 
time test a sample of the water with htmus papei and compaie 
the tints Repeat with barium oxide (?) 

Recall the behavioi of acid-forming oxides exammed m 14 
Some oxides do not mteiact readily with watei (which?) These 
oxides which do interact may be divided, accoidmg to the 
natures of the pioducts they give, into two classes What aic 
those classes, and which oxides belong to each? What are the 
two classes of elements whose oxides belong to the two gioups, 
respectively [R 94]? 

29 Hydrates 

a Heat some blue vitnol (p 4, footnote) gently in a porce- 
lain crucible (?) Allow a very small portion of the white 
powder to stand exposed to the air on a watch-glass (?) 
Dissolve the remainder by boihng with the minimum amount of 
water required to dissolve it, and set the solution aside (?) 
What chemical actions have taken place m these three opera- 
tions? 
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b [Quant ] Place small quantities (about 1 s ) of Glauber’s 
salt and of blue vitriol m two porcelain dishes and ascertain 
the giQSS weight in each case Allow the dishes and contents 
to remain for 24 hours or moie and weigh again (’} Interpret 
the results [R 96] 

c Pulverize small quantities of baiiuin chloiide, potassium 
nitrate, magnesium sulphate, and potassium dichi ornate sepa- 
rately m the mortal Warm them, separately, in dry test- 
tubes and notice whether they undergo any change [R] Mere 
melting does not show that the substance is a hydrate 

Are all crystalline substances hydrates? Classify the sub- 
stances you have exammed into two groups with leference to 
this property 

d Take m a test-tube about 5 c c of commercial, concen- 
trated sulphuiic acid, place in it a crystal of blue vitiiol and 
let the materials stand for an houi, or more (?) [R 286] Now 
heat the contents of the tube to the boilmg-poiut of the acid 
[Hood], holding the test-tube m a test-tube holder, keeping it 
far from the clothing, and taking care that none of the contents 
spirt out upon the hands or face [Caption Sulphuiic acid bmns 
are veiy painful Note 16, p 2] After the contents of the 
tube have settled, poui off the clear liquid into another tube 
On the following day, examine the little, shining particles on 
the sides of the tube What is their color, and condition? Of 
what are they composed [R 509]? 

Are the compounds (such as cupnc sulphate) which, in pres- 
ence of watei, yield crystalline hydrates, amorphous or crys- 
talhne m its absence? What is the true sigmficance of the 
crystalhnc condition [R 97]? 

e Take a clean match and, after dipping it m a solution 
of cobalt chlonde, wnte upon a piece of white paper After 
the wnting is diy, warm the paper gently by waving it above a 
Bunsen flame (?) Now, breathe repeatedly upon the writmg (?). 
Wnte equations for the actions that have occuired [R 639] 
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30 Formula of a Hydrate [Quant ] Put about 1 g of 
crystals of gypsum in a weighed poicelain crucible and weigh 
again Place the crucible on the clay tnangle, place the hd so 
as paitly to cover the crucible, and heat to ledness until no 
fuither loss in weight occurs Determine by difference the 
loss in weight (watei) and the weight of the calcium sulphate 
remaimng 

The formula of gypsum must be CaS 04 ,rH 20 Assuming 
^the foimula-weights of calcium sulphate (CaS 04 = 136) and 
of watei (H 2 O = 18) calculate from your data the value of x 
Wt of calcium sulphate Wt of watei 136 a: X IS 
What IS the formula of gypsum? 
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MOLECULAR AND ATOMIC WEIGHTS 

31 Molecular Weight of Oxygen [Quant ] 
a Powder some potassium chlorate, and diy it on a watch- 
glass on the ladiatoi, or high above a small Bunsen flame, oi 
in a diying oven Construct an aspiiator (Fig 14), using the 
1-htei bottle, and connect it with a hard glass test-tube Fit 
a nozzle to the lubber tube and slip a pinch clamp over the out- 
let tube (syphon) m leadmess for closing, at a later stage, the 



rubber tube that connects the two glass tubes Having mseited 
the stopper tightly and connected the test-tube, test the appara- 
tus to see that all the joints aie aii-tight [Instructions Place 
some water m the bottle, blow a few bubbles of air into the 
apparatus thiough the syphon, and observe whethei the water 
remains permanently elevated in the veitical tube Absolute 
certainty that the apparatus is air-tight must be reached before 
proceeding further] 
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CaiefuUy weigh the haid glass test-tube, then place in it 
between 1 g and 2 g of potassium chloiate and weigh again 
Recoid the lesults as shown below Moie than 2 g is not 
needed, less than 1 g will not be sufficient Subtraction gives 
the hxact weight that has been employed Fill the bottle 
almost, but not quite, to the shouldei (not the neck) with tap 
water After reattaching the test-tube, make suie that the 
appaiatus is once moie aii-tight, by repeating the above- 
descnbed test Next fill the syphon and nozzle completely 
with water by blowing sharply through the latter, and close the 
clamp Allow the nozzle to touch the bottom of a beaker 
(400 c c ) containing some watei Now open the clamp and 
raise the beakei till the levels of the water m this and the bottle 
aie the same, and the gaseous piessure theiefore alike in both 
Close the clamp again, empty the beakei and leplaoe it in 
position 

Wt of tube with chlorate 
Wt of tube with lesidue 
Wt of oxygen 
Vol of water driven over 
Temp m lab 
Temp near barometer 
Barometric height 
Correction 
Barometer (corr) 

Aqueous tension at temp of lab 
Partial press of ox 

Open the clamp once more and decompose the compound 
very slowly by heating, catching m the beakei the watei driven 
over by the gas At least 260 c c of water should be driven 
over During the earhei stages a smoke, consisting of solid 
pai tides, will aiise This must on no account be driven mto 
the connecting tube, as all the solid must lemam m the test- 
tube to be weighed (why?) Suspend the heating as often as 
may be necessary to let this smoke settle During such mtei- 
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vals of waiting see that the nozzle is constantly immersed in 
the water that has already passed over (why’) Stop heat- 
ing if the tube shows signs of softemng [Note 32, below] oi 
when the decomposition is complete For the puipose of this 
experiment (see 31 h) it is not necessary that the action dnould 
be earned to completion If, when the heating is stopped, 
the nozzle is not under water, raise the beaker until it is well 
covered Allow the whole apparatus to stand until it has 
reached the temperature of the air Some water will return 
to the bottle by the syphon dmmg the cooling As this trans- 
ference of water is essential to the success of the experiment, 
at no stage should air be allowed to enter the syphon thiough 
the nozzle Equalize the levels of the water in both vessels by 
laismg 01 loweiing the beaker, and then close the clamp 

Measuie the volume of water m the beakei by means of the 
giaduated cyhndei (’) This zepiesents the number of c c of 
water displaced, and hence of oxj'-gen evolved in the operation 
(what of the air originally in the apparatus?) Weigh the test- 
tube once more with care [Balance] (?) Obseive at the same 
time the temperatuie in the laboratory to learn the temperature 
of the oxygen (?), and lead the baiometei [Note 33, below] to 
leain the pressure of the air and therefore of the oxygen (?) 

Subtract the aqueous tension (Appendix II) [R 72] at the 
observed laboratory tempeiature from the barometric readmg 
(corr ) to get the true (partial) pressure of oxygen in the bottle 
Reduce the volume by rule to 0® and 760 mm [R 71-72] The 
weight of this volume of oxj'-gen is obtained by subtracting the 
weight of the test-tube and residue fiom the weight of the 
test-tube and potassium chloiate oiigmally taken Calculate 
by piopoition from the data obtamed the weight of 1 liter of 
oxygen (x) 

Vol of ox found Wt of ox found 1000 c c 
Calculate also the weight of 22 4 hters (?) To'^what class of 
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gases would the use of the aspiratoi be confined for purposes 
like the above*? 

Note 32 — To avoid softening of the glass, through overlie iting, watch 
the color of the Bimscn flame The blue flame is tinged with a yellow color 
(caused by compounds of sodium m the glass) where the flame encounters 
the oveiheated pait of the tube 

Note 33 — When the barometer is read, the height must be “collected” 
to that of a column of mercury at 0“ (Appendix I) 

h Detach the hard glass test-tube from 31 a and drive off 
the last traces of oxygen by heating strongly eveiy poition of 
the tube to which any of the residue adheies Allow it to cool 
and weigh Record the result, as shown below Obtarn the 
weight both of the residue (potassium chlonde) and of the total 
oxygen, by difference 

Wt of tube with chlorate 
Wt of tube with chloride 

Wt of oxygen 

Wt of tube with chloride 
Wt of tube empty 

Wt of chloride 

Assuming the formula of the chloride to be KCl, that of the 
chlorate is KClOa, The formula weight of KCl being 39 1 + 
35 46 = 74 56, find the formula weight of 0* by the proportion 
Wt of KCl found Wt of oxygen found 74 56 y, 
,wheie y = Ox This will be a multiple of 16 by a whole numbei 
(why?), if the measurement has been cairied out successfully 
What formula do you find for potassimn chlorate? Write the 
equation for the decomposition of the chlorate 

32 Law of Multiple Proportions [Quant ] If the quantita- 
tive decomposition of potassium chlorate (31 6) was carried out, 
dned potassium perchlorate may be decomposed in the same 
way and the results compared Weigh an open, long, haid 
glass test-tube* Place in it about 1 g of potassium perchlorate 
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aud weigh again Then heat the tube and drive off the oxygen 
slowly, and weigh again Heat stiongly once more, to constant 
weight Ascertain by difference the weights of potassium 
chloride (residue) and of oxygen 
The formula of the perchlorate is KGIO*- Caltulater from 
your data how much oxygen {Ox') is combmed with 74 56 g , the 
formula-weight of potassium chlonde, KCl This result, the 
formula-weight of the oxygen, will be a multiple of 16 Com- 
pare this formula-weight of oxygen with that found in the 
experiment with potassium chloiatc, and show how the results' 
illustiate the law of multiple proportions Find the formula 
of potassium perchloiate and write the equation for the decom- 
position of the compound 
33 Molecular Weight of an Insoluble Gas [Quant ] 
a Fit a round-bottomed 300 c c flask [Store-room] with a 
rubber stopper through which passes a shoit glass tube To the 
lattei attach a short rubber tube with an open screw clip [Store- 
room] Place 40 to 50 c c of water m the flask, boil the water 
vigorously for about ten mrnutes to expel the air from the flask 
Lower the flame, close the chp, and then at once remove the 
flame 

Wt of flask and water -|- air 
Wt of flask and water 
Wt of air 
Vol of flask (total) 

Vol of water (remaining) 

Vol of air 

Barometio height (coir ) 

Tension of aqueous vapor 

Pressure of an, corrected 
Temperature 

Wipe the flask, and weigh it when cold (?) Open the chp 
slowly to admit air, and weigh again (?) Recoid the weights 
(see above) The increase is the weight of 'She air which 
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enteied To leain its volume, measure m the graduated 
cylinder the volume of the watei lemaming (?), and then the 
total volume leqmied to fill the flask to the bottom of the 
stoppei C?) Record also the temperature ('*’) and barometric 
piessipe (coir) (?) and subtract from the latter the tension of 
the aqueous vapor in the flask (AppendiJ. II) 

Reduce the volume of the an from the observed temperature 
and barometric pressure (as corrected), to 0° and 760 mm 
[R 72] 

From the weight of the an, and its volume at S T P , calculate 
the density (wt of 1 c c ) of the an (?), and also weights of 1 
liter (?), and of 22 4 liters (?) 

b By admitting other gases, instead of an, this method 
may be used for measuring the densities of gases which are 
insoluble in watei Name several gases to which this method 
could be applied (?) 

By calculating from the results the weights of 22 4 liters, 
the molecular weights of such gases are obtained 

34 Dulong and Petit’s Law According to Dulong and 
Petit [R 108], if the correct atomic weight, when it has been 
found, is multiplied by the specific heat of the element m the 
solid form, the pioduct is a number which in most cases hes 
between 6 and 6 8 

Take the values of such equivalent weights as you have foimd 
experimentally, viz , zinc (23), lead (24), silver (24), zinc (26 a), 
magnesium (26 h), non (26 b), aluminium (26 b), and multiply 
each by the corresponding specific heat (Appendix III) If the 
result is about 6 4, the atomic weight is the same as the equiva- 
lent weight If not, multiply the equivalent weight by the 
smallest integer which wiU bung the final product within the 
limits 6 to 6 8 The mteger used is the valence of the element, 
and the pioduct of the equivalent weight and the valence is the 
atomic weight Show the working in your notes and give a list 
of the atomic weights and valences found 
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36 Calculations 

a The weights of 1 G M V (22 4 liteis at 0° and 760 mm ) 
of several compounds of carbon aie as follows 


Substance 

Wt 

22 41 

Wt carb 

Wt hyd Wt ox 

Formula 

Carbon monoxide 

28 00 

12 

16 


Carbon dioxide 

44 00 

12 

32 


Methane 

16 032 

12 

4 032 


Ethylene 

28 032 

24 

4 032 


Glyceime (vapor) 

92 064 

36 

8 064 48 



What value should you select foi the atomic weight of car- 
bon? The atomic weight and symbols being hydiogen H = 
1 008, oxygen 0 = 16, carbon C = ?, wute the foimula of each 
of the five compounds (?) 

h The density (wt of 1 c c at 0® and 760 mm ) of ethylene 
chloi ide IS 0 00433 g What is the molecular weight'!’ 

e Using the weights of 22 4 1 , given above, find the weight 
of 1 0 c (the densities) of methane and of carbon dioxide (?) 

d How do the densities of the five substances compare with 
that of air? 
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36 Conditions for Rapid Solution 

a Take two laige crystals of cupuc sulphate of equal size, 
and yet of such size that each can be slipped into a test-tube 
Provide two diy test-tubes with corks to fit Pulverize one 
of the crystals very finely m the mortar, so that no large pai- 
ticles aie visible Place the powder m one test-tube and the 
ciystal in the othei Add fiom the graduated cylinder 20 c c 
of watei to each Cork the tubes quickly, note the time on a 
watch (?), and shake the tubes quickly and continuously Note 
the time when the powdei has all dissolved (0 
and when the ciystal also has dissolved (?) 

Compare the total times lequiied foi each? 

Account foi the difference (?) 

6 Take again two nearly equal-sized, but 
smallei crystals of cupric sulphate Fill two 
test-tubes with water Put one of the crystals 
into one of the tubes Drop the other crystal 
ihto the second tube (Fig 15), so that it is covered 
;^y the water, but rests on a narrow strip of oich- 
nary papei Note the time (?) Set both tubes 
upiight m the rack How long does each crystal take to chs- 
solve? Account for the difference (?) 

If you had to dissolve a large amount of material quickly, 
with the least expenditure of effort, how should you pro- 
ceed (In answering, take the results of both a and b into 
account)? 
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c Oa to a strip of paper dipping under water (Fig 15) , drop 
a crystal of potassium permanganate (?) Explain (?) 

37 Choice of Solvents 

a Place 1 c c of powdeied rosin m each of two dry test- 
tubes Add to one 5 c c of alcohol and to the other 5 c c of 
water and shake both (?) i 

Pour the alcoholic liqmd into a large beakei fuU of water 
In what ways is a suspension like a solution (?) and how does 
it differ? 

Should you remove rosin (or varnish oi a similai gum) from 
clothing with watei? With alcohol? 

h Place a small piece of lard, half the size of a pea, m each 
of two test-tubes Add 2 c c of water to one and 2 c c of 
caibon tetrachlonde * (oi carbon disulphide oi ether) to the 
other and shake (?) How should you remove giease from 
clothmg? (In removing a gi ease-spot, place the part flat on a 
piece of blotting papei, to absorb the solution, and lub the 
spot with a rag dipped in the solvent ) 

c Use small pieces of sohd paraflfln as m b, employing water 
and gasohne (petrol) or benzene as solvents 
d Take 10 c c of water in each of thiee test-tubes To 
one add a single diop of alcohol and shake Does the alcohol 
dissolve? Add moie alcohol, a few diops at a time, until about 
6 c c have been added Has the amount added yet become 
greater than the water can dissolve? , 

To the second tube add caibon tetrachloride (or caibon di- 
sulphide) in the same way, and answer the same questions (?)^ 
To the third add gasoline (or benzene) in the same way, and 
answer the same questions 

If you had a mixture of sugar (which is soluble in water) 
with fat on a piece of cloth, how could you lemove fiist one 
and then the other component of the mixture? 

* Non-inflftmmable Carbon disulphide or ether mual)*not be used near a 
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38 Begrees of Solubility 

a Place 1 c c of pulverized calcium sulphate in a test-tube 
and shake with 10 c c of watei for 2-3 minutes Filter the 
mixture, catching a few diops of the cleai filtrate on a watch 
glass Evaporate to dryness C?) Eepeat with 1 c c of pul- 
verized calcium caibonate (chalk), lejectmg the water with 
which it IS fiist shaken (?) Compaie the deposits on the watch 
glasses (?) Which of these substances do you find to be more 
soluble? What are the amounts of these salts dissolved by 
' 100 c c of water at 18° [R Appendix IV]? In what latio is 
calcium sulphate more soluble than calcium caibonate [R Ap- 
pendix IV]’ In what ratio is calcium chloride more soluble 
than calcium sulphate [R]? Which of all these substances are 
spoken of as '‘insoluble”’ 

What conclusion should you have diawn from meie shakmg 
with water, without completmg the test? 

Was the solution you evapoiated satmated? Was it con- 
centrated? What IS a saturated solution? 

b Take about 10 c c of water in a test-tube, add to it not 
more than 1 c c of lead nitiate solution, and mix Now add 
about 2 c c of dilute hydiochloiic acid (’) Repeat, heating 
the mixture to the boiling-pomt before adding the hydrochloric 
acid (?) Examine this tube again, after the contents have 
cooled (?) Inteipret the result Is lead chloride an “insol- 
uble” substance [R Appendix IV]? 

, c [Quant ] Reduce to a fine powder 10-15 g of potassium 
dichromate, using the laiger amount in warm weather, the 
smaller in cool Piepaie a saturated solution of the substance 
by placing it m a flask with 50 c c of water and shaking at 
mtervals for ten mmutes So much of the sohd must be taken 
that an undissolved residue remains 

Take the Anal temperature of the solution Now poui the 
clear solution into a buiette attached to the ring-stand, filling 
the apparatus* completely to the pomt of the nozzle with the 
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liquid (6 b) Read the level of the lower side of the meniscus 
Weigh [Quant ] a clean, diy evapoiating-dish, run into it about 
22-24 c c of the solution, and weigh [Quant ] the dish and con- 
tents Read also the level of the meniscus and note the volume 
of solution used Now evaporate the weighed poition of the 
solution completely to diyness upon a water bath, oi on a 
beakei of boiling water, and weigh again Determine by dif- 
feience the weights of the dry dichromate here found, and of the 
watei in which it was dissolved Calculate from the data the 
weight of dichromate which would be dissolved by 100 c e of 
water at the observed tempeiaturc (?) 

Prom the volume of the part of the solution evaporated, and 
the weight of dichromate found in it, calculate also the raolai 
solubihty [R 125] of potassium dichi ornate at the observed 
tempeiature Compare the lesults with those which would be 
obtained with potassium chromate K 2 C 1 O 4 (Appendix IV) (?) 

39 Solution Gases m Liquids Half fill a 1-litei bottle with 
distilled watei, coik, and shake vigorously till the watei is 
saturated with air Take the temperatuie of the water and also 
the barometiio reading Fit a small flask (100 c c ) with a one- 
hole cork and delivery tube (Fig 16) and measure its content 
up to the lowei surface of the 
coik Completely fill the whole 
apparatus, including the de- 
livery tube, with the prepared 
water, and boil, collecting the, 
gas m a small test-tube inverted 
over water When no more gas 
comes ovei, equalize the levels of the water in the tube and 
trough (01 beaker) and mark the level m the tube with a thin 
rubber ring (cut this from a piece of rubber tubmg) Measure 
the volume which the air occupied Collect the volume for the 
aqueous vapor present only, obtaining thus the volume of the 
air when dry and at the observed temperatuie*’ and pressure 



Fig 16 
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Calculate the volume of an dissolved by 100 c e of watei at 
the obseiveil tempeiatme and pressure (?) What propoition 
ot its own volume of an has the water dissolved? 

40 Two Imimscible Solvents, Ertraction Place one small 
particle of iodine m each of thiee test-tubes and add to one 
watei, to the second potassium lochde solution, to the third cai- 
bon disulphide, and shake each (?) If any iodine icmains un- 
dissolved, pour off that solution into a clean test-tube Now 
add a drop or two of caibon disulphide to the fiist two solutions, 
shake again (2), and describe carefully what seems to have 
happened Deduce fiom this the relative solubility of iodine 
m the three solvents 

41 Temperature and Solubility 

a Take about 6 g of the diclnomate and boil with 10 c c 
of watei in a test-tube How does the solubility differ from 
that found in 38 c? Allow the cleai solution to cool (2) Ex- 
plain the lesult What soit of cuive of solubility would this 
substance exhibit (Appendix V)? Diaw a curve of this type m 
your notes (2) 

Waim the contents of the tube carefully once moie until all 
has dissolved Then hold the tube in running water to cool it 
lapidly (i*) Desciibe the contents (2) Note two diffeiences 
(in size of pai tides and in coloi) between the results of slow and 
of rapid cooling and explain each (?) 

h Take about 6 g of sodium chloiide and boil with 10 c c of 
'water m a test-tube Poui the elcar hquid immediately into 
another test-tube Examine this when cool (?) Is salt much 
less soluble in cold than m boiling water’ How' would its curve 
of solubility diffei from that of potassium chchiomate? Draw 
a curve of this typo m your notes (?) 

42 Supersaturated Solution Heat some anhydrous sodium 
sulphate strongly in a poicelam dish and allow it to cool 
Take about 10 c c of water in each of two test-tubes To one 
portion add Glauber’s salt, previously pulverized in a mortar, 
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until, aftei shaking, a considerable excess remains undissolved 
Satuiate the othei poition with the cold anhydrous sodium 
sulphate in the same mannei Pei form the last opeiation 
rapidly, taking caie not to intioduce any pai tides of the hydrate, 
and do not let the solution stand before use Now decant the 
two liquids into clean test-tubes, disregarding the cloudiness 
of one of them Then add a little of the anhydious substance 
to the solution fiist made and a small crystal of Glauber’s 
salt to the contents of the second test-tube and shake both (?) 
After a shoit time, examine the contents of each again (‘i’) 
Interpiet the results [R 132-133] 

48 Freezing-Points, Deliquescence, Boihng-Pomts 
a If pulverized ice were to be added to watei until the sohd 
no longer melted, what would be the tempeiatuie of the mixtoei* 
If ice weie to be added to the aqueous solution of some sub- 
stance, until the ice no longer melted, how would the tempera- 
ture diffei fiom that of watei and ice? Why does this difference 
exist [R 134]? Why does salt thiown upon ice cause the lattei 
to melt? 

i Place some dry potassium caibonate (or pulveiized cal- 
cimn chloiide) in a small beaker oi crucible Set the vessel in 
an evaporating dish containing water, and invert over it a 
larger beaker so that the edge of the lattei is under the liquid 
Examine the mateiial fiom day to day (?) Remembering that 
there is moistuie upon the surface of even “dry” bodies, and 
that therefoie a solution of potassium caibonate was present' 
with the sohd, explain the change [R 135] To what class of 
substances do those which deliquesce all belong? Is deliques- 
cence a physical or a chemical change? 

c Fix a test-tube containing about 10 cc of water in a 
clamp upon the ring-stand Suspend the thermometer from a 
ring by means of a thread, in such a way that the bulb is im- 
meised in the water Boil the water, using a smalJ^Bunsen flame, 
and lead the temperatuie (?) Now add to the boiling water 
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about 2-3 g of dry calcium chloiide and, aftei solution is com- 
plete, read the temperatuie of boiling again C?) Add anothei, 
equal poition of calcium chloiide, boil, and repeat the tem- 
perature reading after the whole has dissolved (?) Explain 
[R 1^5] 

44 Properties of Solutions Volume Changes and Thermal 
Kfiects 

a [Quant ] Take about 25 g of potassium carbonate and 
determine its weight to the nearest tenth of a gram Assum- 
ing the specific gravity of this substance to be 2, calculate the 
volume of the amount you have taken (?) Place in the 
graduated cylinder exactly 85 c c of watei and take its tem- 
perature What IS the sum of the volumes of the water and the 
caibonate, separately? Add the weighed specimen of potas- 
sium carbonate to the water, dissolve by repeated mveision 
of the cylinder, closing the mouth of the lattei with the hand, 
and read the volume of the solution C?) Read also the tem- 
perature of the solution immediately (?) Is there a change in 
volume, or in tempeiatuie, on dissolving two substances in one 
another"? 

What relation exists between the sign of the thermal effect 
when a substance is dissolved in a nearly saturated solution of 
the same substance, and the change of solubility with tem- 
perature [R 188-189]"? What do you infer in this case? 

6 Examine the solubility curve of anhydrous sodium sul- 
phate [R 132] (?) Will this compound give out oi absorb 
heat in dissolving in water [R 188-189]? Verify your conclusion 
by tiying the experiment (?) 

c Repeat a, using about 25 g of aimnonium chlonde (sp 
gr 1 6) Make the same observations and answer the same 
questions 
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HYDBOGEN CHLOBIDB AND CHLOEINB 
46 Preparation of Hydrogen Chloride 
a [Hood] Place small quantities of ammomum chloride, 
barium chlonde, mercuric chloiide, and sodium chloride in as 
many test-tubes, and add a few diops of concentrated sulphuric 
acid to each (’) Desuibe what happens in each case Note 
the odoi (?) and color (7) of the gas Blow moist air acioss the 
mouth of the test-tube (?) Lowei a glass lod dipped in am- 
monium hydioxide solution into each [Note 34, below] (?) Tiy 
the effect of heating Remombei that the solubility (physical) 
of the substance in sulphuric acid will laigely deterimne the 
speed of the action In case of difficulty, theiefoie, take a fresh 
sample of the solid, pulverize it finely, and shake with the acid 
for some minutes before heating and testing Aiiange the sub- 
stances in the Older of appaient activity {’>) 
b To a pinch of finely powdered sodium chloride add a 
stiong solution of phosphoric acid and heat if necessaiy [R 142] 
C?) Test with ammonia as before (?) The above remark 
about solubility applies also to this case 
Why is hydrogen chloride displaced completely m a and h 
by these acids under these conditions [R 143]? 

c [Hood] In a 250 c c flask (Fig 17), fitted with dropping- 
funnel (or substitute, 26 h) and L-&haped delivery tube, place 
about 30 g of common salt Use the shoitest possible rubber 
connections heie, and in 48 6 (chloiine), as rubber tubing is 
destroyed by these gases Admit concentiated sulphuric 
acid thiough the funnel Collect the gas in three drjf bottles 
60 
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by upward displacement, allowing the tube to pass tliiough a 
peiforated square of paper oi caid so that the gas may not 
escape into the room Covei, when 
filled, with glass plates and leserve 
for ise Place about 10 c c of dis- 
tilled watei in a test-tube, attach a 
nozzle to the delivery tube, and 
allow the gas to bubble into this 
for a few minutes (?) Reserve the 
aqueous solution also for 46 Wiite 
equations for the two possible in- 
teractions of salt and sulphuric 
acid Which of the two takes place under the above condi- 
tions? 

Note 34 — The use of ammoma is not a specific test for hycUogen 
chloride It can be used only for ascertaining the piesence or absence of 
any one of seveial gases, usually of acidic character, which are capable of 
uniting with ammonia 

In wilting the equation here, and whenever the same test is used, con- 
sider whether the mteraction took place with the liqmd on the rod (con- 
taining NH4OH), or with the gas (NHa) given off by this liquid Note the 
odoi of this gas (?) 

46 Properties of Hydrogen Chloride and of Hydrochloric Acid 
a Invert one of the bottles of the gas m a dish of water (?) 
Relate this pioperty to that observed on blowing moist air 
into the gas (46 a) If any gas remains, what should you 
expect it to be? Test your conclusion experimentally (?) 

h Pour a httle ammomum hydroxide solution on a stnp of 
filter paper and plunge this mto the second bottle (“?) [Note 
34, above] Describe the difference between these fumes and 
those formed by the action of moist air upon the gas (46 a) 
c Devise a way of piovmg, in a rough way, that the gas is 
heavier than air, and use the third bottle of gas for cairymg it 
out 

d Six properties of hydrogen chloride have been considered 
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Make a list of these, and note opposite each whether it is a 
physical or a chemical propeity (?) 

Peifoim the following expeiiments with the aqueous solution 
prepared in 46 c 

€ Test the solution with litmus paper (?) 

/ To a pait add some zinc dust (?) 

g To n part add a crystal of sodium caibonate [R 381] (?) 

h Dilute the remaimng poition of the acid solution with an 
equal volume of watei and distiibute it between thiee test- 
tubes To one test-tube add a diop oi two of mercuious nitrate 
solution (?), to the second a drop of lead nitiate solution (?■), and 
to the thud a diop of silvci nitiate solution (?) Aftei allowing 
the contents of each tube to settle, pour away the hquid, add 
water, and boil (?) Allow to cool, and note, by the appeaiance 
of crystals, which of the precipitates is soluble in hot water 

These precipitates are given, not only by hydiochlonc acid, 
but by any chlonde, and aie, therefoie, means of recognizing 
the presence of the chlonde radical which is common to all 
chlondes 

47 Theory of the Method Used m Preparing Hydrogen 
Chloride To a saturated solution of sodium-hydrogen sul- 
phate add pure concentrated hydrochlono acid (?) Add the 
acid a veiy little at a time to avoid over-rapid precipitation, 
and agitate between additions The longer the operation takes, 
the better Examine the result with a lens (?) 

Write the equation for this action What relation does this 
action bear to that m 46 c? What circumstances determine 
the direction of a reversible action [R 143-144]? 

48 Preparation of Chlormo [Hood] 

Experiments 48 b and 49 must be accomplished at one exercise. 
48 a may be postponed to facihtate this 

a Prepare some stnps of filter paper by dipping them in 
starch emulsion to which vou have added one drop of potassium 
iodide solution 



*§48] 


CHLORINE 


§3 

Place small quantities of finely powdeied manganese dioxide 
[R 158], potassium chloiate, lead dioxide, and puie litharge in as 
many test-tubes, and add a little concentiated hydiochlouc 
acid to each Notice the coloi (?) and odor (?) of the gas in 
each case If no action takes place in the cold, apply heat 
Dip into the gas in one of the test-tubes a stiip of the piepaied 
paper (?) How do you account foi the diffeience in the be- 
havior of the two oxides of lead? Do all compounds containing 
oxygen give free chlonne m this way? If not, state what is 
common to those which do and to those which do not (?) 

b [Hood] Fit up a 250 c c geneiatmg flask, as in Fig 17, 
with a dropping-funnel (or a substitute, 26 6) and an L-shaped 
glass tube attached to the exit tube Use the shoitest possible 
lubber connections here Test the apparatus to see that it is 
air-tight Place in the flask about 20 g of diy potassium per- 
manganate, and fill the globe of the dioppmg-funnel with diluted, 
concentiated hydiochlouc acid (1 Aq 3 acid) [Ca-ution’ 
Do not use any othei acid, by mistake] Allow the delivery 
tube to dip to the bottom of a small beaker contaimng a little 
sodium hydroxide solution Now admit the acid diop by diop, 
legulating the flow so that too rapid a stream of gas is not 
produced The complete displacement of the aii m the flask 
will be recogmzed by the coloi of the contents and the fact that 
the bubbles of pure chlonne are completely absorbed by the 
sodium hydroxide 

When the air has aU been displaced, fill thiee diy bottles 
and one dry test-tube with the gas by upward displacement, 
obseivmg the foUowmg precautions Provide a piece of stiff 
paper or caid, perforated with a hole for the reception of the 
dehvery tube, to cover the bottles during the fillmg, and cover 
the vessels with glass plates as soon as they aie full See that 
the deliveiy tube reaches to the bottom (why?) of each vessel 
dur in g the filling Replace the end of the delivery tube in the 
sodium hydibxide when all the vessels have been filled When 
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the experiment is over, pour the contents of the generating 
flask into the sink in the hood, and not mto one of the sinks in 
the open laboratory, and wash down with much water. 

49 Properties of Chlorine [Hood] 

o In one bottle of the gas scattoi a pmch of finely powefered 
antimony [R 160] (?) 

h Take a clean piece of sodium [Fiom Instructor] and cut 
from it a very thm shoe not more than one-half inch square 
(fingers and Imife used in handhng sodium must be dry!) In- 
troduce this piece into a bottle of chlorine (?) and cover at once 
with a glass plate Examine aftei half an houi If any of the 
metal remains unattacked, set ape off the white deposit and 
place it upon a watch-glass, and throw the sodium into the 
sink in the hood Add the material on the watch-glass to 
that m the bottle and dissolve in 2 c c of water Allow the 
solution to stand in a watch-glass until it dues, and examme 
the crystals with a lens (?) 

c Connect a glass nozzle with the illummating-gas supply, 
and lower a small, bmning gas-jet into the thud bottle (?) 
Blow the bieath into the bottle after withdrawing the jet (?) 

d Fill a test-tube with hydrogen from a hydrogen genciator, 
a Kipp’s apparatus, or from the laboratory supply Brmg this 
tube mouth to mouth with a tube of chlorme and mix the gases 
by repeated inversion (Take care not to expose the mixture 
to direct sunhght ) Hold the mouth of each tube to the Bunsen 
flame (?) Close the mouth of one tube quicldy with the thumb, 
add a few diops of water, shake, and test the solution with htmus 
paper (?) 

e Seven properties of chlorine have been considered Make 
a hst of these, and note which of them are physical and which 
chemical (?). 
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60 Chemical Equilibrium m Double Decomposition 

a When solutions of two substances, each composed of two 
radicals, are mixed, and no precipitate is observed, interaction 
nevertheless occuis 

Place 10 c c of watei in each of two test-tubes, add to one 
a single diop of ammonium thiocyanate solution, and to the 
othei a single drop of ferric chloiide solution Now mix the 
solutions (?) The ladicals aie (NH 4 )(CNS) and (Pe)(Cl)3 
Wiite the equation foi the action which may be assumed to have 
occurred Is theie any evidence that luteiaction has taken 
place’ Which of the four is the colored substance? Use the 
mixture foi h 

h When no precipitate is formed, is an action like the above 
complete? To answer this question, divide the mixture from a 
equally between lorn test-tubes Keep one for lefeience To 
the second add one drop of ferric chloride solution (’), and to 
the third a diop of ammonium thiocyanate solution (?) In- 
terpret the result Now add to the fourth tube a few drops of 
ammonium chloride solution (?) and explain 

What other action have we shown to be reversible (47)’ All 
double decompositions of substances composed of ladicals aie 
reversible, like these two They are also often far fiom com- 
plete, when, as in the piesent instance, precipitation does not 
occur Why does piecipitation tend to make the action more 
nearly complete’ 

61 Another Incomplete Reaction 

a Weigh out 1 g of calcium chloride (fused oi gran) and 
1 2 g of oxalic acid Dissolve each, sepaiately, in 10 c c of 
66 
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water, and heat the solutions to the boiling point Add the 
oxalic and solution to the calcium chloride solution, a hfctle at a 
tune, boiling for two minutes and allowing the precipitate to 
settle between the additions When one diop ceases to pio- 
duce any fiesh precipitation in the clear part of the liquid^ note 
what piopoition of the original oxalic acid solution remains 
unused (’) Add this lemainder, thus making sure that there 
IS an excess of oxalic acid present, beyond that apparently 
necessary to precipitate all the calcium 

The radicals are (Ca)(Cl)2 and (H)s(Cj04) Write the 
equation for the action (’) Write the name under the for- 
mula of each substance (?), and a downwaid airow beside that 
of the precipitate (?) To what variety of chemical change 
does this one belong’ 

h Proceed now to find out wbethei this leaction is incom- 
plete 01 piactically complete To do this, shake the mixture 
and pom it all on to a filtei Catch the filtrate in a clean test- 
tube, label it F (use in c) Set a vessel under the funnel, and 
wash the precipitate (calcium oxalate) with water To do this 
poui water, a little at a time, from a test-tube on to the filter, 
so as to wash every part of it When the filter has drained, set 
a test-tube nuclei the funnel, puncture the filter-paper with a 
glass lod, wash the calcium oxalate through into the test- 
tube 

If the reaction was leversible, the equation, when read back- 
wards, repiesents a possible chemical action Name the mtei- 
actmg substances in the reversed action (’) To the calcium 
oxalate, suspended m watei, add the required reagent (’) Was 
the action a leversible one’ The conclusion may be eonfiimed 
as follows 

c If this reveise action occurs, it was in operation in the 
oiiginal mixtuie made m a In that case, all the calcium could 
not have been precipitated, some must be present in the filtrate 
F, and the reaction was incomplete The leaction may be com- 
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pleted by removing (or chemically alteimg) one pioduct De- 
stroy the hydrochlonc acid by adding to the filtiate F ammo- 
nium hydroxide a diop at a time and shaking (?) What does 
the result prove? Was this action moie or less neaily complete 
thai), that in 60? Why? 


THE HALOGENS 

Chlorine (Chap IX) and the elements to be studied in this 
chapter form a group having very similai piopoities, and aie 
called the halogens Recall the facts about chloiine and 
hydrogen chloiide, and use them as a guide in tiyiiig to undei- 
stand the chemistry of the lest of the group Remember 
particularly that chlorme is colored, has a powerful odor, and 
does not cause fumes m moist air, and that hydrogen chloride 
IS colorless, and causes dense fumes in moist air The coire- 
sponding substances thioughout the group may be expected to 
piesent properties hke these Thus, the elements are all coloied 
substances, the hydiogen compounds aie all coloiless and fume 
in moist air The hydrogen compounds, hydiogen chloride, 
hydrogen biomide, etc , are known as the hydiogen halides 

62 Preparation of Broraine [Hood] Powdei about 1 g of 
potassium bromide, mix it in the moitai intimately with about 
2 g of pulverized manganese dioxide, and place the mixture in 
a test-tube In a second test-tube dilute 2-3 c c of concen- 
trated sulphuiic acid with half its volume of water (add the 
acid, cautiously, to the water), and mix with the contents of the 
first test-tube enough of this solution to moisten the materials 
thoroughly, and no more Aftei allowing the mass to stand 
for a few minutes, apply a gentle heat to the tube, and note 
the color and behavior of the vapors evolved (?) Apply a 
strip of filter paper moistened with a starch-potassium iodide 
emulsion (48 a) to the mouth of the tube (?) 

What other materials might be substituted for the potassium 
bromide m th§ above expenment? 
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63 Properties of Bronune 

Shake up one drop of bromine [Care Do not spill upon the 
hands] with 10 to 16 c c of water m a test-tube, and divide the 
solution (“ bromine- watei”) between four test-tubes 

a To one of these add 1-2 c c of ether, and shake (?) ^Note 
the relative solubihty of bromine m ether and m water, as dis- 
played by the depth of color m each layer (40) To the 
second add caibon disulphide (?), and to the third chloro- 
form (?), observing as before To about 10 c c of starch 
emulsion add a few drops from the fourth test-tube (?) [R 196 
and see lesult of 67 b, below] 

b Fit up an apparatus to generate a small amount of chlorine 
[Hood], using a side-neck test-tube mstead of the flask m Fig 
17 (p 51) If chloiine-watei is available, it may be used in- 
stead of the gas 

Dissolve a single, very small crystal of potassium biomide m 
a few c c of watei in a test-tube Add several drops of carbon 
disulphide, and then pass a few bubbles of chlorine thiough the 
solution, 01 add a few c c of chloime-watcr (?) Shake, and 
notice the appeaiance of color in the carbon disulphide (?) 
Infer fiom this result the relative activities of chloiine and 
biomine (?) Chloiine acts in the same way upon the bromides 
of all metals The lesult measures the relative afiimty of 
chloime and bromme foi what elements? 

The chlonne geneiatoi, if used, is reqmred again in 67 c, 
which may be performed at once, before the apparatus is taken 
apart and cleaned Prepare also 5 c c of saturated chloime-" 
water, if not furnished on the side-shelf, cork it up in a test- 
tube, and set it aside m a daik place for use in 66 g and 60 a 

64 Preparation of Hydrogfon Bromide 

a Pulverize about 1 g of potassium biomide, place it m a 
test-tube, and cover with concentrated phosphoric acid solu- 
tion Notice the apparent slowness of the action on account 
of the insolubility (physical) of the compound- m the hquid 
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(sodium bromide is much more soluble, and should be used, if 
available) Waim, if necessaiy Obseive the odoi (?), and 
inseit a rod dipped in ammomum hydioxide solution (?) [Note 
34, p 51] 

For the action of sulphunc acid with a bioimde, see 62 b 

b Fit up a 250 c c flaslc with a chopping-funnel and exit tube, 
and connect with a U-tube (Fig 18) Render the apparatus 
an-tight and test it (?) Fill the U-tube with dry, hioken glass 
or porcelain (why?), mixed with a httle red phosphoius (why'?) 

) Connect the other limb of the U-tube with a second, largei U- 
tube [Storeroom] contaimng about 10 c c of watei Place 
about 5 g of red phosphorus mixed 
with twice its weight of sand in the 
flask, add 5 c c of water, and mix 
by shaking Poui into the globe of 
the fmmel about 8 c c of biomine 
[ExTai,ME CARE Do Rot spill upon 
the hands (Note 16, p 2)] Allow 
the bromine to flow drop by chop 18 

on to the phosphorus, and let the gas dissolve in the water m 
the second U-tube A large volume of an is expelled befoie 
the hydrogen bromide reaches the second U-tube Disconnect 
the second U-tube and leserve the solution foi use in 66 How 
could hydrogen chloride be piepaied in the same way? 

Try the effect of moist an upon the gas issuing from the 
paam apparatus (’) Hold in the gas a lod dipped m ammo- 
mum hydroxide [Note 34, p 51] (^) 

■' 66 Properties of Aqueous Hydrobromic Acid Divide the 
solution mto seven portions and examine its behavior toward 
(a) htmus (?), (6) zinc m contact with a platinum wire (?), 
(c) silver mtrate solution (?), (d) mercurous mtrate solu- 
tion (?), (e) lead mtiate solution (?), (J) powdered manganese 
choxide (warm) (‘i’) Boil c, d, and e, after pounng away the 
supernatant hqaid and adding moie water to each (?) Com- 
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pare these results ■with those found m the case of hydrochloric 
acid (46 e, /, g, h) 

g To the seventh portion add a few drops of chlorine-water 
(63 h), a few drops of caibon disulphide, and shake (?) This 
result, and that in 63 h, indicate the relative affinities of cHorme 
and bromine foi what elements (?), and how? 

66 Preparation of Iodine Piepaie a mixtuie of potassium 
iodide (1 g ) and manganese dioxide (2 g ) exactly as in 62 , 
place it m an evapoiatmg-dish, and moisten (2-3 drops) with 
sulphuric acid diluted with watei (1 Aq 2 acid) Cover the 
dish with a watch-glass (partially filled with cold water to cool 
the surface presented to the vapors) and warm gently (very 
small flame) After a time examine the sublimate [Note 36, 
below] Expose a strip of filtei paper, moistened with starch 
emulsion alone, to the vapois (?) 

What other materials might be substituted foi potassium 
iodide m preparmg iodine‘s 

Note 36 — Stains upon the fingers caused by iodine may be lemoved by 
rubbing with sodium thiosulphate solution (“hypo”) 

67 Properties of Iodine Shake a small ci’y&tal of iodine 
vigorously [Note 35] with about 10 c c of water m a test-tube 
Pour the cleai hquid off, dividing it equally between four 
test-tubes 

a Add to one portion a few drops of chloroform, to another 
ether, and to a third carbon disulphide Shake each vigor- 
ously and note the relative solubility (estimated by depth o|, 
color) of iodine m watei as compaied with that m each of the 
other solvents (?) 

h Take 15 c c of starch emulsion and add the fourth portion 
to it (?) Pour the mixture into the graduated cyhnder and 
add water so long as a sample poured out into a test-tube 
contmues to show an easily perceptible coloi Why is the use 
of starch considered to be a delicate test for iodine? Does it 
show the piesence of iodine in combination (68 J*)? 
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c Repeat 63 h, using a very small crystal of potassium 
iodide (’) Infer the iclative activities of chloune and iodine 
The result measures the relative affinities of these two halogens 
for what elements? 

d Repeat c, using potassium iodide, but substitutmg bro- 
mine-water foi chlorine In what order do the halogens stand, 
in lespect to activity, and why do you place them in that 
order ‘i’ 

68 Preparation of Hydrogen Iodide [Hood] 

a Repeat 64 a with potassium iodide or sodium iodide (?) 

h Use the apparatus in Fig 18 Place in the flask a rmx- 
ture of finely powdered iodine (20 g) and red phosphorus 
(1 g ) intimately mixed in the moitar Chaige the U-tubes as 
m 64 b Place a little water in the dropping-funnel (or sub- 
stitute, 26 b), and allow the water to drop very slowly upon 
them (?) After the an has all been expelled, and the solution 
in the second U-tube has become sufficiently concentrated, 
remove the second U-tube Test the issuing gas with moist 
ail (?) and with ammonia (?) as m 54 6 Hold in the gas a 
piece of filter paper dipped in starch emulsion alone (’) Ex- 
plain (?) Reserve the contents of the second U-tube for use in 
60 a 

69 Preparation of Hydrlodic Acid [Hood] Place 5 g of 
powdeied lodme with 60 c c of watei m a small flask provided 
with a perforated cork and an L-tube extending to the bottom 
’Pass hydrogen sulphide from a Kipp’s generator, or from the 
, laboratory supply, through the mixture, loosemng the cork once 

01 twice at first to peimit the air to be displaced by the gas, 
until the lodme is all gone and the solution no longer becomes 
brown on being shaken Agitate constantly to hasten the 
process Describe what happens Towards the end of the 
operation, why does the iodine dissolve [R 446] (?) and why 
does the whole action then proceed much more rapidly? Warm 
and filter the solution. 
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Obtain a distilling-flask and condenser [Storeroom] and distil 
the filtrate fractionally fFig 19), collecting fiist the part that 
comes ovei at 100°, then the parts boiling between 100-103°, 
103-106°, and so foith Use a veiy small flame, and be careful 
not to allow it to reach the walls of the flask above the liquid, 
or breakage will take place A large flame may not only ciack 



the flask, but may also cause the theimometei to shoiv a highei 
tempeiatuie than it could acquire fiom the vapor alone Stop 
when the hquid is neaily all distilled off Note the highest 
temperature reached Pom the lesidue into a test-tube and,, 
keep the series for use m 60 6 

What substance causes the blown coloi of the higher fractions 
and of the lesiclue? Confirm youi conclusion by a suitable test 
(67) How IS this blown colored substance formed? 

60 Properties of Hydnodic Acid 

a If 68 6 was done, carry out the same expenments with 
the solution as were made with the solution of hydrobiomic 
acid in 65 (7), Compare the results with those of 66 (?) 
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& If 69 -was done, add silver nitrate solution to each of the 
fractions above 100° obtained in 69, using only a part of the 
hquid m the case of the two with the highest boihng- 
points At what tempeiatme did the most concentrated 
solution of hydiogen iodide come ovei? What pcculiaiity 
of aqueous hydnodie acid does the result indicate? What 
other solutions show the same peculiarity [R 145, 202, 206, 
285, 348]? 

Place a piece of zmc in the remainder of one of the higher 
fiactions C?) Test the othei with litmus paper (’), and then 
add pulvenzed manganese dioxide, and waim (’) , 

61 Hydrogen Fluoride Cover a square of glass with a 
thin layer of parafiin by warming it veiy cautiously fai above 
a Bunsen flame and lubbmg it on one side with sohd paraffhi 
Moisten about 3 g of fluorspar m a leaden dish [Storeroom] 
with concentrated sulphuric acid (do not cover with the acid) 
With the end of a file draw some design upon the paraffln- 
coated side, thus exposing paits of the glass to the action of 
the vapor Now cover the leaden dish with the glass, parafiin 
side down, and set it m a moderately waim place, but not so 
warm that the paraffin is likely to melt Aftei half an hour 
01 more, remove the glass cover, warm, and wipe off the melted 
paraffin with filtei paper (?) Write equations representing 
the action, and state what becomes of each of the constituents 
of the glass [R 206, 427] Try the test of a rod dipped m am- 
'momum hydroxide and held over the contents of the lead 
dish (?) Does the gas fume with moist air? What sub- 
stances, beside fluorspar, would serve the purpose of this ex- 
periment? Why could not hydrochlonc acid oi nitric acid be 
substituted here for sulphuric acid? What acid that we have 
employed could be used here? 

How may fluonne be liberated from a fluoiide? Why can 
it not be isolated from fluorides by the action of oxidizing 
agents, as wa^the case with the other halogens? 
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62 Reducing Action of Hydrogen Iodide and Hydrogen 
Bromide [Hood] In connection with this experiment, it must 
be kept m mmd that an odor similai to that of rotten eggs 
shows the presence of hydiogen sulphide (69), and an odor of 
burmng sulphm the presence of sulphur dioxide (14 a) 

a Pulverize finely about 1 g of potassium iodide, place it 
m a test-tube, and moisten with one or two drops of concen- 
trated sulphuric acid (?) If too much acid has been taken, 
stai’t again Warm gently Investigate the result, which 
furnishes a mixture of gases, as follows 
a Bieathe across the mouth of the test-tube to ascertam 
the effect of the gas on moist an (’) What gases previously 
made showed the same bebavioi? What do you infer m this 
case? To confiim this conclusion, lower a glass rod dipped m 
ammomum hydroxide into the test-tube (?) 

/3 Is any characteristically colored vapoi (?) mixed with 
the gas recogmzed in a? Can you obseive any other property 
which identifies the substance? By what kind of chemical 
action could this colored substance be formed fiom the pioduct 
identified in a? By what name is such a reaction known? 
Was there any corresponding product formed when sulphuric 
acid acted upon a chloiide? 

y Can you recogmze stiU another (gaseous) product by its 
odor? 

The work m a and p and y leads to the recogmtion of three 
gaseous or vapoxous products Do not attempt to put all of 
these m one equation Construct one equation for the forma- 
tion, from the onginal matenals, of the gas recogmzed m a 
(pnmary action), and make a second, sepaiate equation foi the 
formation of the other two products fiom the interaction of 
sulphunc acid with the gas recogmzed in a (secondary action) 
What two properties of sulphuric acid (?) and what property of 
hydrogen iodide are illustrated by this set of observations? 

In case the above directions are not followed nnphcitly, and 
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large pieces of potassium iodide are taken, or too much sul- 
phuric acid IS used, still another gas (sulphui dioxide) may be 
foimed along with or instead of one of the above, and, in addi- 
tion, a sublimate of fiee sulphur may be seen on the tube 
[R 277, par 2] 

b Repeat the woik m a, using powdeied potassium bromide 
mstead of the iodide, and answer the same questions 
63 Identification of Halogen Compounds 
a Imagine that theie are given to you four white substances, 
and that you know them to be the fluoiide, chloiide, biomide, 
and iodide of some metal State what experiments you would 
make, and what reasomng you would use, in oidei positively to 
identify the halogen constituents of each In two of these cases, 
two different actions have been encountered m this chapter and 
might be used, and m the other two cases only one StiU an- 
other kind of action imght leadily be thought of [R 55, 155, 
194, 227] Negative results, say by showing that one is not a 
chlonde, bromide, or iodide, and is theiefoie a fluoride, must be 
confirmed by a positive expeimaental test 
b If the four hydiogen habdes were given you in gaseous con- 
dition in four jars, how should you proceed by chemical means 
to identify each? 
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DOUBLE! DECOMPOSITION HTDBOGEN PEROXIDB 
64 Radicals and Double Decomposition 
a To a few drops of potassium chloiide solution add silver 
nitiate solution (?) What kmd of chemical inteiaction do 
salts usually show m solution [R 210 See Note 4, p 1]? 
Wiite the equation for this action How can we tell whether 
the precipitate is silver chloride, oi potassium nitrate, or both? 
Which IS it (Appendix IV)? What was the mtei action of 
silver mtiate with hydiochlonc acid (46 h)? To a few di’ops 
each of solutions of two othei chloiides, such as ferric chlonde 
and calcium chlonde, add a little silver nitiate solution (?) 
Aie these actions leveisible [R 148]^ Aie they complete? 
Why? 

To find out whether all substances contaming chlorine give 
silver chloride in this way, try a few drops of potassium chloiate 
solutitm with the same silvci compound (’) State now what 
ladical a substance must contain in older that, with silver 
mtrate, it may yield silver chlonde O 
b To a few diops of silver sulphate solution add a solution, 
of any chloride (?) To find out whether all substances con- 
taunng silver yield silvci chlonde in this way, take a few chops 
of silver nitrate solution m each of two test-tubes To the 
one portion add some ammomum hydroxide, and so obtam a 
solution of ammonio-silvei nitrate Ag(NH 3 ) 2 N 03 To the othei 
add some potassium cyanide solution [Caution! Poison!] until 
the liquid is deal [Note 36, below], and so obtam a solution of 
potassium aigenticyanide EA.g(CN )2 Now add to each of 



165 ] 


HYDROGEN PEROXIDE 


67 


these a solution of sodium chloride (?) Is the silver ladical 
present? Do all substances containing silvei, when mixed 
with a chloride, give silvei chloiide? Which compounds alone 
give silver chloride by double decomposition? 

c "Which substances alone will, by addition of mercmous 
mtiate, give mercurous broimde (66 d)? Which substances 
alone will, by addition of silvei mtrate, give silvei iodide (60 a 
and 6)? Which substances alone iviU, by addition of an acid, 
give hydiogen chloiide (46)? Name the classes of substanOes 
which are composed of radicals, and commonly mteiact by 
double decomposition [R 210-211] 

d Why was no piecipitatc observed when solutions of silvei 
mtiate and potassium chlorate (64 a) weie mixed? To answer 
this question, wiite the equation foi the double decomposition 
which might occur, and considei the solubilities of the products 
(Appendix IV) (?) 

Note 36 — An insoluble body will not dissolve as such merely because 
of the addition of an excess of the precipitant, or even because of the intro- 
duction of a diffeient icagent tVlien an uiaoluble body appears to go mto 
solution, the phenomenon indicates that the substance added has mtoi acted 
chemically with the insoluble substance and has produced a new substance 
which IS soluble m water 

66 Peroxides. 

a Piepare a solution oi sodium peroxide by adding 2 g of 
'this salt, a very little at a time, to 100 c c of cold water in a 
flask Shake and cool (why? [R 459]) the mrxtme m a stream 
of water dm mg the process While still coolmg the solution, 
add to it dilute sulphuric acid a few drops at a time until the 
mixture is acid (test?) What does the liqmd now contain 
(60 a)? Divide the mixture mto five parts and use them m b, c, 
d, e, and / 

b To one portion, contained in a small test-tube, add finely 
powdered manganese dioxide (?) Test the escaping gas for 
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oxygen (?) What r61e does the manganese dioxide play 
herei* 

c Prepare a solution containing free permanganic acid and 
sulphmic acid by adding a large excess of dilute sulphuric 
acid to 5 c c of potassium permanganate solution (equation?) 
Add some of this mixture to the second portion (from a) Test 
for oxygen the gas which comes off {f) What variety of chemi- 
cal activity does the hydrogen peioxide show here'i’ 
d To the third portion add some starch emulsion containing 
a drop of potassium iodide solution (?) In writing the equa- 
tion foi this action, remember that the solution of hydrogen 
peroxide from a contained excess of sulphuiic acid, which will 
interact with the potassium iodide (?) The product of this 
action then interacts with the hydrogen peroxide What 
variety of chenncal activity does the hydrogen peroxide show 
here? 

e Cut a long, naiiow strip of filtei paper, and moisten it 
with lead mtiate solution Pom 1 c c of ammomum sulphide 
solution into a test-tube, and hang the stiip of papei in the test- 
tube until it becomes black What substance is foimed? 
Now, chp the papei in the fourth portion of the solution from a 
(?) What practical application of hydrogen peroxide is here 
illustrated? 

/ To the fifth portion add 5 cc of ethei (object of this 
[R 224]?) and shake, and then add one drop and no more of 
potassium dichromate solution and shake again (?) This is 
one of the most characteristic and delicate tests for hydrogen 
peroxide 

State what substance here interacts with the hydrogen per- 
oxide and how it is formed [R 224] Make no equation 
g Suspend lead dioxide, barium dioxide, and pulverized 
manganese dioxide, separately, in water, add dilute sulphuiic 
acid and shake for some time, coolmg as in a Filter, and apply 
to each filtiate the test described m/ (?) 
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What are the diffeieiices ju bchavioi and constitution between 
a tiue peroxide (peioxidate) and those oxides which are some- 
times called peroxides [K 223]? 

h What aie the ladicals of potassium chloiate, hypo chlor- 
ous icid, sodium peroxide, lead dioxide, potassium peirnan- 
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IONIZATION AND INTERACTIONS OP ACIDS, BASES, AND 
SALTS 

66. Ionization Name the foui distinct methods by which 
we may asceitam expeiimentally whether a substance is ionized 
m solution oi not, and may leain the extent of the lomzation 
[R 214, 216, 239] (i*) Define the term ionization, first m 
theoretical teims (?), and second in teims of the experimental 
evidence (?) 

The degiees to which aqueous solutions of many substances 
are ionized aie given in Appendix VI Con- 
stant refeience to this will bo neoessaiy in 
mterpieting the observations in this and suc- 
ceeding cbapteis 

The experiments of this paragiaph may be 
postponed until aftei the work in 67 oi 68 has 
been done, if a set of the apparatus is not 
available at this moment 

Obtain [Stoieroom] an electioljdic cell 
(Fig 20) Half fill the cell with the sub- 
stances named below in turn See very pai- 
ticulaily that the electrodes m the cell are not 
touching one another Connect with the teiminals on the lamp 

* The cell consists of a glass, flat-bottomed, spooimon tube (about 75 X 22 
mm ) fitted with a two-hole rubber stopper in which a vertical groove has been 
cut to permit the escape of gases The electrodes are pieces of tm about 10 cm 
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board* (Fig 21b), and note whether the lamp glows or not (?) 
The cell is in serieb with the lamp and, if the lamp glows, the 
bolution is a conductoi If it docs not glow, the solution is a 
non-conductoi When the same experiment has been shown in 
the class-room, the result may be lecoided 
heie and the experiment omitted Wash the 
tell and electrodes and wipe the latter veiy 
carefully aftei each trial 
The following eight substances, or solutions, 
show the behavioi typical of the classes of 
mateiials to which each example belongs 






Fig 21a 


Fig 21b 


After giving the lesult in youi notes, name the class which is 
illustrated in each case 

If the substance is a conductor, what conclusion is to be drawn 


* A Btoiage battery of three lead cells or five Edison cells in senes may bo 
used, but IS always m danger of being rumed by shoit-eirouiting through care- 
lessness Protection by means of a fuse leads to continual intorruptioua of the 
work Where dweet ouirent is employed m the hghtmg system, the best plan 
Is to use the cnouit thiough two resistances of such ratio to each other as to give 
the desired potential by the drop over one of them Thus, it we place a iO-ohm, 
•and a 35 ohm lesistanoe on a 110 volt circuit (Fig 21a, diagranmiatio) , the 
potential drop over the lower resistance will bo about 16 S volts If these re- 
sistances be of sufficient carrying capacity (say. 5 amperes), then four different 
currant outlets may be provided — each one with plenty of current for one of 
the electrolytic cells previously described Each of these outlets is in senes 
with a small battery lamp, used as an indicator of the flow of current through 
the cell (Pig 21b) 

Where altemahna current only is available, a smaU rotary transformer, 
now commonly en®loyed for chargmg automobile battones, may be used 
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m legard to the condition of the dissolved body? In each such 
case, write an equation showing the materials present in the 
solution, and write the name [R 236] undei the formula of each 
substance (?) 

a Diy, crystalhzed sodimn chlonde (?) 

h Distilled water (?) 

c Aqueous solution of sodium chloride (?) 

d Diluted aqueous solution of sodium hydroxide (?) 

e Diluted aqueous solution of hydrogen chloride (?) 

/ Aqueous solution of sugai (?) Now, diy the cell by 
washing first with alcohol and then with ethei 

g Toluene in the dried cell (?) 

h Hydrogen chlonde dissolved in dry toluene (?) What 
difference between water and toluene do e and h bring to hght? 
Keep this solution corked up in a dry test-tube for use m 70 d 

67 Ionic Materials 

a Give the names and symbols (not forgetting the charges) 
of the thiee chief physical components, %e , distinct ilubstances 
(in addition to water), present m the aqueous solution of 
sodium chlonde [R 236] (?) 

b Give a concise compaiative statement of the specific 
physical pioperties (such as, color, moleculai weight, solubihty, 
beWvioi towards electrically charged bodies, physical state, 
etc ) , of the lomc and the free forms of sodium, hydrogen, 
and chlorine (?) 

68 Relations of the Molecular Substance to its Constituent 
Ionic Substances (m Equlhbrium) The ions of an lonogen 
and the remammg molecules are m chemical eqmhbnum'' 
[R 215] What changes take place, respectively, when the 
solution IS concentrated by evaporation and when it is diluted, 
as m a, below [R 249]? Can the proportion of molecules be 
increased otheiwise than by concentrating the solution (see b, 
below) [R 250]? With substances hke sodium chlonde and 
hydrogen chlonde these changes cannot be perceived by the 



IONIC REACTIONS 


73 


eye (why?) In the following instances (a and b) the ionic and 
molecular substances aic both pciceptible to the eye, and then 
lelations as described above may, theicfoie, be studied veiy 
easily 

a 'Examine a solution of potassium biomide What is the 
coloi of bromide-ion'? Take 0 6 g of cupric biomide in a diy 
test-tube Add two drops of vatei and agitate foi some time 
(‘i’) Then add more watei, a diop oi two at a time, agitating 
vigoiously, and giving the substance time to dissolve, if it can, 
aftei each addition Continue the addition of watei cautiously 
until the substance has all dissolved, and aftei waid until the 
change in coloi is complete, and then stop What is the coloi 
of the molecules of cupiic biomide^ What is the color of 
cupric-ion? Compaie the color with that of cupnc sulphate 
solution (‘i’) and explain Formulate the change which has been 
witnessed (‘i’) 

b Now take a fresh portion of cupnc biomrde and repeat 
the experiment as in a, stopping the addition of water at the 
green stage Divide the mixture into two parts To one add 
2-3 g of solid potassium bromide and shake vigorously (?) 
To the other portion add 4-5 g of solid cupnc chloride (‘i’) 
Interpret the results 

The converse case, in which one of the ions is removed, and 
the dissociation is piomoted, is discussed in d 

c Many loinc substances are colored, although the color 
rfioes not always differ markedly from that of the molecules 
Examine the following solutions, make a list of the ionic sub- 
’ stances contained in them, with their formulm and charges, 
and note the color of each kmd of ions cobalt chlonde, potas- 
sium permanganate, potassium dichromate, chrome-alum (this 
last solution freshly made by dissolving the solid) 

d Just as the umon of ions to form molecules may be pro- 
moted by addition of a substance yielding a common ion 
(? 68 b ) , so the*reveise of this, namely, the dissociation of mole- 
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cules into ions, may be promoted by the lemoval of one of the 
lomc mateiials The removal of ions may be accomplished in 
several ways [R 250] 

(1) By umon of the ion with some other ion, when the mole- 
cules thus formed aie insoluble This case will be illustrated 
next (see 69) 

(2) By umon of the ion with some other ion, when the mole- 
cules thus foiincd, although soluble, aie veiy little chssociated 
by water (see 71) 

(3) By discharge of the ion and liberation of its material, 
through transfer of the charge to another substance (see 73) 

(4) By umon of the ion with some othci mateiial to form a 
compound ion, illustrated m 64 b 

(5) By decomposition of the ion, as in 66 b, c 

(6) By the mere change in the valence (amount of the 
chaige) of an ion, for this converts it into another substance of 
the same mateiial composition (sec 166 a, 169, 197 b, 198 h) 

(7) By dischaige of the ion and libeiation of its material 
through electiolysis This was illustrated in 66 c, d, e 

69 Precipitation on Mixing lonogens 

a Place 3-4 c c of silver nitrate solution m a test-tube 
and dilute with water Add potassium chloride solution 
cautiously and agitate continuously, until no further precipi- 
tation occurs (?) Piltei, concentrate the filtrate by evapora- 
tion, and poui it into a watch-glass to ciystallize (?) Two 
salts are obtained, one by piecipitation and one by evaporating* 
(see Fig 22) 

Formulate the action (Fig 22) In doing this, show the 
KCi?± K+ 4- cr 

AgNOa^NOa" + Aj+ 

(ds’lvd ) KNOa A|C1 (ds’lvd ) 

AgCl (solid) „ 


Pig 22 
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thiee mam physical components of each of the oiignial solu- 
tions and the lelations of these components (ui cquilibiiuni) to 
one aiiothei in each ease Show also the nioleculai pioducts 
foimed when the solutions aie mi'ced Assuming that the 
solutions aie appio\imatcly dcciiioimal [R 124], asceitain the 
piopoitions in which the oiigiiial components of the solutions aie 
piesciit bcfoie mixing (Appendix VI) Ijcain also to what 
extent the moleculai pioducts will be foinied by union of the 
ions [R 247-8] (Appendix VI) and, in the case of an insoluble 
substance, how complete will bo the precipitation (Appendix 
IV) On the basis of this complete mfoimation, complete the 
formulation [R 252], using heavy ariows to show main tendency 
in each equilibiium Explain in detail, and one by one, m 
what way, and to what extent, each of the six oiigmal com- 
ponents IS affected by the results of mixing 
Name the components of the filtiato and explain how each 
IS affected by the evapoiation and ciyatalhzation 

How does the foimation of the piecipitate of silver chloride 
illustiate 68 d (1)? Upon what factoi docs the completeness 
of the change depend? Is, oi is not, silver chloride a highly 
ionized substance [R 253]“? 

Aside fiom double decompositions, what means have we foi 
learmng of what radicals a salt (like silver nitrate) is composed? 

b To a little cupric sulphate solution m a test-tube add 
sodium hydi oxide solution (^) Exactly as in 69 a (second 
par), foimulate, study and explain the whole action How 
,does this illustrate (1) of 68 d? 

To what classes of lonogens do the four molecular substances 
respectively belong? 

c To a little cupric sulphate solution add a little dilute 
hydrochloric acid (?) In what respects does the lesult differ 
from those m a and b, and why? Can any acids be prepared 
by precipitation, and if so, which [R 429, 432]? 

In future, formulate all ionic actions in a way indicated in a. 
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70 Bases and Acids Hydroxide-ion and Hydrogen-ion, Indi- 
cators 

a Examine distilled watei in respect to (a) taste, (b) be- 
havior with htmus, (c) conductivity (done already, 66 b) 
b Dissolve a small piece of sodium hydroxide in water and 
examine the solution in respect to (a) taste, by diluting a 
little and tasting one diop, (b) behavior with litmus, (c) be- 
havioi with phenolphthalcm, (d) conductivity (see 66 d) 
These properties belong to aqueous solutions of all bases 
Aside from the watei , what component alone is common to all 
solutions of bases, and has the above pioperties”^ Name this 
component and give its foimula (?) 

c Examine an aqueous solution of hydrochloric acid in 
respect to (a) taste, (b) behavior toward htmus, (c) behavioi 
with phenolphthalem, (d) conductivity (see 66 e), (e) action 
on a piece of marble, (f) action on an non nail (clean this with 
the file before use) These piopeities are shown by all aqueous 
solutions of acids Aside from the watei, what component 
alone is common to all solutions of acids, and has these piopei- 
ties? Name and give the formula of this component (?) 

d Take the solution of hydrogen chloride in toluene (66 h) and 
examine it in lespect to (a) conductivity (done alieady, 68 /i), 
(b) action on a piece of marble, dried in advance by heating 
in a diy porcelain dish for a few moments, (c) action on an non 
nail (clean as befoie) Be sure that perfectly dry vessels are 
used in these experiments What substance identified in c is' 
absent fiom this solution? What difference between water 
and toluene, as solvents, does this result indicate? In what 
three other lespects would the two solutions of hydiogen chlo- 
ride be found to differ 

71 Ionic Chemical Changes I Union and Disunion of Iona, 
Neutrahzation (Union of H+ and OH~) (Two students working 
together ) A considerable chemical change may occur not 
only m precipitation (see 69), but also when ions unite to form 
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a substance which, although soluble, is very little ionized by 
water Such changes aie lUustiated in 71 and 72 

Weigh out 6 g (laboiatoiy scales) of potassium hydroude, 
dissolve it in a httlc chstillcd watei in the graduated cylmdei , 
addwatei until the total volume is 50 c c , and pom the clear 
solution into a buictte (Fig 4, p 8) Measuie 10 c c of con- 
centiated hydiochloiic acid in the giaduated cjliudei, mix it 
in a small beaker with 50 c c of distilled watei , and pour this 
into a second burette Now, into a small beakei oi flask lun 
16 c c of the acid solution from the second buiette, and then 
add to it two diops of phenolphthalcin solution Place the 
vessel undei the first burette, read the level of the liquid in 
the buiette, and allow the alkali to lun into the acid diop by 
chop, stiirmg constantly, until the last chop confeis the faintest 
peiceptible pink tinge on the whole solution If you do not at 
first succeed in stopping at the light point, lepeat the expeii- 
ment Note the volume of alkali used Concentiate the solu- 
tion on the sand bath until a drop deposits crystals on cooling, 
and then lemovc the dish fiom the sand bath promptly and 
set it aside 

When sufficient crystals have appeal eci, dry them with filter 
papei and exanune with icspect to (a) form, (b) taste, (o) 
exposure to moist an, (d) action of a solution on litmus, (e) 
conductivity of aqueous solution (done already, 66 c) Con- 
struct a table compaiing the substance in these lespeets with 
the materials from which it was made Compaie the substance 
with potassium chloride How should jou deteimine whether 
a substance obtained m this way contained “watei of crystal- 
lization” or not? Make the necessary experiments (0 Wash 
out the burettes 

Following the directions in 69 a (second par), formulate, 
study, and explain the whole action Note, however, that 
there is heie no insoluble substance Show how this experi- 
ment illustrates 68 d (2) 
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Expiess the change involved m every neutralization of highly 
lomzcd substances by means of the simplest equation [R 254] 
How may neutiahzation be defined, in terms of the hypothesis of 
ions? How may it be defined, taking account of all the facts, 
but omitting all refcience to ions? r 

Calculate the appioMinale concentiatioii, in teims of a nor- 
mal solution as unity, of the potassium hydi oxide solution 
used above (’) From the volumes of alkali and acid used in 
neutiahzing, calculate the concentiations of the diluted hydro- 
ehlono acid (’), and of the concentiated acid employed to make 
it (7), expiessing the concentiations m terms of a nomal solu- 
tion Calculate the numbei of giams of hydiogeii chloride per 
htei in the dilute and concentiated acids, lespectively (?) 

72 Neutralization of Slightly Ionized and of Insoluble 
Substances 

a Considei the degiee of ionization of acetic acid (Ap- 
pendix VI) To iieutialize 1 hlei of uoimal acetic acid, 
would more oi less alkali be leqmied than to noutializc 1 
htei of noimal hydiochloiic acid? In what way, piccisely, 
would the details of the change he diftereiit in the case of acetic 
acid [R 255]? Name some of the consequences of this diffei- 
once [R 255] 

6 Dilute a few diops of cupnc sulphate solution with much 
water and add excess of sodium hydioxide solution (7) Fit a 
filtei papei properly into a fuimel (Fig 6, p 11) Filter the mix- 
tuie, and wash the pieoipitate (?) and filter papei lepeatedly 
with distilled water to remove soluble substances Now place 
a clean test-tube below the funnel, perforate the bottom of tho 
filtei paper, and wash the precipitate through mto the test- 
tube by means of a stream of water from the wash-bottle To 
the suspended cupiic hydioxide, cautiously add dilute hydio- 
chlonc acid in amount just sufficient to give a cleai hquid Con- 
centrate the liquid on the sand bath until a drop, removed to 
a watch-glass, shows signs of erystalhzmg whep cold Then 
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icmove the dish pioinptly fiom the sand bath and allow it to 
cool Exanune the ciystals (?) 

Formulate this action as in 69 a, taking account, liowevei, 
of the fact that one of the inteiacting substances is an “insol- 
ubleV’ solid [E 272] Dcseiilie m detail the stages thiough 
which the final pioductioii of solid cupiic chloiide is accom- 
plished 

To what class of ionic chemical changes [R 258] does the 
foiegoing action belong? Answei the same ciueslion m regaid 
to the precipitations of salts m 69 

73 Ionic Chenucal Changes II Displacement 

a Place seveial pieces of gianulated zinc in a dilute solution 
of cupiic sulphate and set aside until the change is complete 
(test?) Occasional agitation will hasten the change (why?) 
Filtei What IS the piecipitate [R259]? Picseive the filtiate. 

Befoie examining the filtiate, take a few diops of cupnc sul- 
phate solution and a like amount of zinc sulphate solution in 
two test-tubes Dilute each solution with watei, and add tu 
each ammomum sulphide solution (?) What is the piecipitate 
in each case, and what ions aie lequiied to foim it? 

To the filtiate fiom the fiist pait of this expeiiraent add 
ammomum sulphide solution (?) What ions were piesent m 
the filtrate? What changes did the metallic zinc and the cupiic 
ions, lespectively, undoigo in the fiist pait of the experiment? 
Foimulate this change in an equation In the course of this 
expel iment, what becomes of the molecular cupric sulphate 
(68 d ( 3 ))? 

What substances could have been substituted foi the cupnc 
sulphate without affecting the result so far as the consumption 
of zinc and the precipitation of copper were concerned? What 
substances, beside zme, would have piecipitated coppei (Ap- 
pendix VII)? What other elements, beside copper, are dis- 
placed by zinc? 

Which one»of the elements displaced by zinc did we prepare 
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m quantity by an action like the present (18)? Formulate this 
action in terms of ions What weie the products of the action 
of zinc upon concentiated sulphuiic acid (16 d)! What is the 
chief component of this foim of the acid (Appendix VI) “i” If 
this component intei acted with the zinc, to what class of chemi- 
cal changes did this action belong'* 

6 Formulate the actions in 16 a in tcims of ions Explain 
the diffeiences in activity of the vaiious metals [R 260] 

c Examine your notes on Chap X Formulate the follow- 
ing actions in terms of the hypothesis ot ions 
Flee ohloiine and biomide-ioii (63 b and 65 g) 

Free chlorine and lodide-ion (67 c and 60 a) 

Free biomine and lodide-ion (67 d) 

Free iodine and sulphide-ion (69) 

Arrange these foui elements in a senes similar to the electro- 
motive senes of the metals (Appendix VII) Where should 
you place fluoiine m this senes [R 205]? Inchoate the approx- 
imate position of oxygen [R 202, 205]? 

74 Ionic Chemical Change HI, IV, V In addition to 
union 01 disunion of ions (I), and displacement (11), there are 
thiee other ways in which ions may undergo chemical change 
[R 268-259] 

Electrolysis (III) was illustrated m 66 (?) 

Formation or decomposition of a compound ion (IV) was 
illustrated in 48 a and b, in 64 6 , and m 66 c (?) 

Change in the chaige on an ion (V) was illustiated in 48 a (?) 
Define each of these thiee classes of ionic chemical change 
and formulate the illustiations anew so as to show how the 
actions cited belong to the class illustrated ('’) 

Re-examine the seven ways in which lomc substances are 
removed, and dissociation of the paient molecules is promoted 
(68 d), and indicate that one of the five classes of lomc change 
to which each of the seven belongs (?) 
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76 Non-Ionic Actions In pievious class-ioom and labora- 
tory expeiiments we have ob&eived the formation of lono- 
gens m other ways than those illustiatcd m this chapter These 
ways aie non-ionic, or not distinctly ionic Give illustiations 
of such, of these ways as you recall acids, two ways, bases, one 
way, salts, foui ways, togcthei with the lefeience numbers of 
the laboratory experiments in which they occur (?) 
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76 Sulphur 

a Place about 05 cc of powdeied irll sulphur in a 
diy test-tube, add 2 c c of caibon disulphide and shake (?) 
Poui the solution into a watch glass and set it to evapoiate 
[Hood] away fiom all flames 

Examine the ci-j^stals with the eye and with a lens and make 
a chawing of two of them (?) Aie they buttle oi soft? Coloi? 
Aie they tianspaient? Aftei 21 houis (oi moie), aie they still 
tiaiispaient? 

h Fold a filtei-papei as if foi filtiation, and put watei m a 
laigc beakei Half fill a diy test-tube with loll sulphui Hold 
the test-tube with a clamp and melt the sulphui Heat gently, 
tuining the tube m the flame Daik blown patches show over- 
heating at these points — melted sulphui is pale stiaw-coloi 

Hold the filtei papei by the edge at the thicc-fold side and 
poui the melted sulphur into it Watch the ciystals grow 
When ciystals have formed at the suiface and i cached the 
centei, poui the lemaimng liquid sulphm promptly into the 
beakei of water, and open up the paper immediately , 

Examine the crystals with the eye and with the lens and 
make a di awing of two of them (?) Aie they buttle or soft?'' 
Coloi? Aie they transparent? After 24 hours (or more), are 
they still tianspaient? If not, mto what form of sulphui have 
they turned? Explain the change m appearance (?) 

Examme the part that was poured mto water Is it brittle 
01 soft? Dry a small piece of it and shake it with 1 c c of 
carbon disulphide (?) 
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c In the same test-tube place 10 g of loll sulphur and melt 
Continue heating until the sulphui boils and note the changes 
in coloi and fluidity which occui (’) If the vnpoi catches file, 
allow it to bum Poui the boiling sulphui into a laige beakei 
of wfltei , moving the tube about 
Examine the pioduct Is it ciystalhne? Is it buttle or 
soft'i’ Is it tianspaicnt’ Aftei 24 houis (oi moie) is it still 
transpaient’ Aftci 24 home (oi inoie), diy a pnit of it and 
shake with a little caibon disulphide (?) To find out whether 
' any has chssolvcd, poui pait of the liquid on to a filtci, catch a 
lew diops of the filtiate on a watch glass, and allow thorn to 
evapoiate [Hood] away fiom flames (?) 

Wiat IS the insoluble raatciial? Coloi^ Examine with a 
lens (?) Is it ciystalhne? 

What would have been the result it the boiling sulphui had 
been allowed to cool slowly, instead of being chilled in watei? 
77 Sulphides of Metals 

a Place about 2 c c of i oil sulphui in a diy test-tube and 
fasten the tube upiighl in the clamp on the stand Boil the 
sulphui and then diop into the tube a strip of copper foil ('’) 
Does the teinpeiature of the coppci change noticeably? Was 
it heated thus by the flame, the sulphur vapoi, oi what? 
Remove the stnp of connci and desciibe the piopeities of the 
, pioduct (?) Name it (?) and wiite the equation (?) 

b Mix thoroughly m the moitai 1 c c of non powder with 
1 I e c of powdered loll sulphui Place the mixtuie m a test- 
tube and clamp the lattei on the stand Heat the lowei pait of 
• the material and, when the leaction begins, withdiaw the flame 
Was the tempeiatme at anytime highei than that which the 
flame could have produced? What was the souice of the heat? 
Deacnbe the pioduct when cold (?) Name it (?), and write 
the equation (?) Keep it for use in 78 a 
c Recall and record heie a case of the umon of sulphur with a 
metal which vjas observed previously (8 a) Under tho same 
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conditions (piessuie, tempeiatuie, contacf), does meicuiy com- 
bine moie 01 less leadily with sulphui than with O'lygen? Give 
icasona foi youi answei (?) 

Does sulphui appear to have about the same activity as has 
oxygen, oi much moic or much less? 

78 Hydrogen Sulphide [Hood] 

a Place about 1 g of feiious sulphide m a test-tube and add 
a little dilute hvdiochloiic acid (?) Note the odoi of the gas, 
and apply to it a stiip of filter paper dipped m lead mtiatc 
solution [R 577] (?) 

6 Using feiious sulphide and hydiochloride acid, geneiato 
hydrogen sulphide, using either the apparatus in Fig 10 (p 22) 
01 a special geneiatoi Connect with the exit tube a glass 
noz/ile When the an has been displaced, set file to the gas 
Descnbe the color of the flame (?) Hold a poicelain dish in the 
middle of the flame for a few moments (?) What substance is 
deposited, and must, therefore, exist uncombined in the mteiior 
of the flame? What other substance does this justify us m 
assuming to be liberated m the same region? What do these 
facts indicate regarding the stability of the gas when heated, 
and the difficulty, therefore, of making the compound by the 
direct union of its elements? What are the products of the 
complete combustion of the gas, and in what two stages does 
this combustion take place? Make equations showmg both 
stages (?) 

79 Properties of Aqueous Hydrogen Sulphide I [Hood] 

a Take about 15 c c of water in a carefully cleaned test-r, 
tube and, using a clean piece of glass tubing to deliver the gas, 
saturate (test? Note 37, below) it with hydrogen sulphide Test 
the solution with litmus paper [R 269] (?) Pour one-third or 
less of the solution mto another test-tube and boil this portion 
vigorously, noting from time to time the odor of the vapoi (7) 
Can this gas be driven off completely by boiling? Does hydro- 
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gen chloride solution behave in the same way oi diffeiently 
[R 145P 

b Divide the lemaindei of the solution into two paits and 
add 2-3 g of iron dust (pulveiized non) to one of them Shake 
vigorously and then allow the mixtuie to stand (7) Aftei an 
houi collect the insoluble mattei upon a filtei [Note 39, p 116] 
and wash until it no longer smells of hydiogen sulphide Tians- 
fei the precipitate to a test-tube by punctmmg the paper and 
, washing through Add dilute hydiochloiic acid to the solid 
product and note the odoi (?) What substance must have been 
present in the precipitate, and how was it foiincd? Account foi 
the extreme slowness of the action of non upon the solution of 
hydiogen sulphide [R 269] 

c Allow the thud poition of the solution made in a to 
stand foi some days exposed to the an (?) Explain the 
turbidity (7) 

d If 69 was performed, record here the action which took 
place (?) If 69 was not performed, place a single crystal of 
iodine in 5 c c of water and saturate' (test7 Note 37, below) the 
liquid with hydiogen sulphide [R 201] (?) 

What lomc substance is shown by the first part of 79 a and 
by 79 b to be present in the solution of hydiogen sulphide 
[R 269]? Explain the actions in c and d m terms of ions 

e To 2-3 c 0 of potassimn dichiomate solution add dilute 
sulphuric acid in laige excess (7) What change may be 
•assumed to have taken place? Now saturate (test7 Note 37, 
below) the mixture with hydrogen sulphide (7) What arc the 
colors of the solution and of the precipitate, icspectively? 
Show that two kinds of lomc chemical change aie here illus- 
trated (?) 

/ Take 2-3 c c of potassium permanganate solution and 
treat exactly as in e (?) Answei the same questions (7) 
What chemical property of hydiogen sulphide is illustrated in 
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Note 37 — To learn whether a hquid is satmated with a gas, 
withchaw the delivery tube wMe the gas is issuing, oovei the mouth of the 
vessel quickly with the thumb or the palm of the hand in such a way that 
the gas above the liquid has no time to escape (why?), and shake vigoiously 
If the thumb now adhcics to the mouth of the vessel, the hqmd is ijot yet 
satuiated (why?) If the hqmd is saturated, what wdl be the pressuio of 
the gas ovei it aftci sh iKing [R 128]? If an is allowed to displace the gas 
over the saturated hqmd, what clfeet will be observed on shaking as de- 
sciibed above, and why? 

80 Properties of Aqueous Hydrogen Sulphide II Sulphides 

[Hood] 

a WhaL was the reaction of aqueous hydiogen sulphide 
towards litmus (79 o)7 What ionic substances aie piesent^ 
h Take about 6 c c of sodium hydioxido solution and 
saturate (test? Note 37) it with hydrogen sulphide (?) Use in 
c, d, e, and/ How should you piocecd to piepare neutial (or 
normal) sodium sulphide (solid)? 

c To a few diops of the solution piepaied in h add dilute 
hydroehlonc acid (?) (see 81 h) 
d To a few drops add some biomine-water (?) 
e To a laigei portion of the same solution add a httle pow- 
deied loll sulphui and shake from time to time Is sulphui 
soluble in water? What is heie to be mfciied [Note 36, p 67]? 
When the solution has become veiy yellow (?) m coloi, filtei 
Acidify the filtiate with chlute hydroehlonc acid {% e , add 
moie than an equivalent amount of the acid) (?) Recall an 
experiment with iodine which lesembles this expeiiment with ' 
sulphm (?) 

/ Allow the remamdei of the solution from b to remain 
exposed to the an for several days (?) When a change in 
color has oecuried, add dilute hydrochloric acid m excess (?) 
Explain 

g Take five clean test-tubes and obtain 2-3 c c of the solu- 
tion of each of the following substances Dilute each specimen 
with 10-20 c c of water and saturate (test?) with hydiogen 
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bulphide (a) Cupuc sulphate (?), (b) Lcadmtiate (^), (c) Cad- 
mium sulphate (?), (d) Fenous sulphate (make a solution 
of feiious-ammomum sulphate [R 245] and use it foi this 
[Note 38, below]), (o) Zinc acetate (?) 

Exjllain the pi capitation in teims of ions 
Pom away a pait of the contents of each test-tube, including 
a pait of the piecipitate, add a laige excess of dilute hydio- 
chloiic acid, and shake (’?) Explain the le&ults Divide the 
^metallic sulphides obtained m this expoiiinent into two classes, 
and chaiacteiize those classes 

What piopeity of hycliogcn sulphide has been illustiatocl m 
a, h, and g 

Note 38 — Feirous-ammomum bulphate [R 245] is piefeucd to fenous 
sulphite because it becomes less lapiiUy mipmc tluough oxidation by the 
air In makmg equations, disiegiid the ammonium sulphite 

81 lonio Chemical Changes Formation of an Inactive Acid 
a To 2-3 c c of sodium acetate solution add an equivalent 
amount of dilute sulphuiic acid, and waim gently One pioduct 
may be lecogmzed by its odoi (?) 

Formulate, study and explain this action according to the 
directions in 69 a (second pai ) Wiite a simple equation ex- 
piessing the chief change winch occuis 
b Considei the action between sodmm-hydiogen sulphide 
and hydiochloTic acid in 80 c Formulate, study and explain 
this action as in 69 a (second pai ), modifying the scheme of 
foimulation to suit the case Does the escape of the hydrogen 
sulphide assist mateiially in making the action moie nearly 
'complete [R 272]? Does it assist at all? What physical 
piopeity does the escape of the hydiogen sulphide as a gas show 
this substance to possess^ 

c Make a single general statement descnbing all the cases 
m which, when lonogens aie mixed, and no piecipitation or 
volatihzation occurs, a faiily complete chemical change will 
novel thelcss take place (see 71) 
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Give a list of acids (Appendix VI) which might be formed 
in accoidance with the principle embodied in your state- 
ment 

Could any bases be foimed m accordance with the same 
piinciplc'^ IllusLiate (Appendix VI) Could any salts be so 
formed (Appendix VI) 

82 Hydrolysis 

a Dissolve a single ciystal of sodium sulphide m water, and 
test the solution with litmus papoi (?) What ionic substance 
causes this leaction? Which of the two substances taken is 
capable of furnishing this ion? Foimulate the interaction of 
the two oiiginal substances and explain it [R 271] 

6 Test with litmus papei the solution of sodium carbon- 
ate (?) Explain (Appendix VI) Of what soits of radicals 
must a iioimal salt be composed m oidci that the solution may 
show an alkaline leaction [R 271]’ 

c Test with litmus papei the solutions of cupric sulphate (?) 
and feme chloiide (’), and account tor the result [R 437] Of 
what soits of radicals must a noimal salt be composed in order 
that the solution may show an acid reaction’ Why is sodium 
chloride solution neutral’ Define hydiolysis (?) 

83 Sulphur Dioiude 

a Touch with a warm platmmn wiie a bit of sulphur, and 
bring the wire with the adhering sulphui again into the flame 
Withdraw, and note the coloi of the flame of the burmng 
sulphur and also the odor (?) 

b Heat in a hard glass test-tube a few particles of non 
pyrites What is the sublimate? What gas is evolved? 

c [Hood] Place a small piece of copper in a test-tube, 
cover it (and no more) with concentrated sulphuric acid, and fix 
the tube in a clamp on the stand Place the bulb of the ther- 
mometer m the acid, heat continuously, and note the tempera- 
ture at which chemical action becomes appaient"(?) 
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Remove the thermometei and smell the gas (?) Heat the 
mateiials with a small flame while pioceediug with d Then 
set the tube aside and, the next day, examine and desciibe all 
the contents (?) 

d , [Hood] If sulphui dioxide gas is not fuiiiishcd in the 
laboratoiy fiom cylindeis of the liquid,"" it may be piepaied foi 
use in 84 oi 89 as follows Fit up a flask 
(250 c c ) as in Fig 17 (p 51) If 84 is 
to be peiformed, a gas washing-bottle 
(Fig 23) wiU be leqmred to dry the gas, 
and will contain enough concentiated 
sulphmio acid to nnmeise the longer 
tube to a depth of half an inch Attach 
the longer tube of the bottle by lubbei 
tubing to the geneiatmg flask Place 
about 15 g of sodium bisulphite in the 
flask Test the appaiatus to sec that it is aii-tight Dilute 
some concentiated hydiochloiic acid (1 1) and place it in 
the funnel 

84 Molecular "Weight of Sulphur Dioxide [Quant Hood] 
Clean and diy a 250 c c flask and piovide it with a tightly 
fitting coik Weigh the flask and coik This gives the weight 
of the flask filled with an Now fill it completely with sulphur 
dioxide, by upward displacement of an, cork, and weigh 
again To insuie its being full, repeat this opeiation till no 
ineiease in weight occuis Finally, allow the gas to escape and 
' determine its volume To do this, use the graduated cylinder 
and fill the flask with water up to the cork (?) Observe the 
temperatuie and pressuie of the atmosphere (?) Coriect the 
volume to 0° and 760 mm piessure 

To obtain the weight of the empty flask and its coik, subtract 
from the weight of the vessel filled with air the weight of a 
volume of air equal to the coirected volume (1 liter of puie, diy 
* It the ecs is not so furnished, 83 and 81 should be taken up after 88 
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air weighs 1 293 g undei noimal conditions, oi the G M V 
holds 28 955 g of an) 

The difteience between this weight of the empty flask and 
that of the flask filled with sulphui dio\ide is the weight of the 
gas Using the volume of the flask at noimal conditions, calcu- 
late the weight of the G M V (22 4 1 ) and of 1 1 of sulphui 
dioxide (’) 

Enumerate caiefully all the sources of eiioi to which you 
should expect this way of deteiininmg the density of a gas to 
be hable (?) In doing this, consider each detail of the opera- 
tion veiy cntieally 


Temp ° Baiometer (corr ) mm 

Vol of flask 0 0 

Vol of flask, 0° and 760 mm c c 

Wt of flask + au g 

Wt of air (calc ) g 

Wt of flask, empty g 

Wt of flask + SOi g 

Wt of flask, empty g 

Wt of SOi g 

Wt of 22 4 1 SOj g 


85 Preparation of Sulphuric Acid (Two students woiking 
together) Obtain a distilling-flask (25 c c ), rubbei connec- 
tions for a safety bottle, a sciew-clamp, and a Chapman pump 
fiom the storeioom Fit up with your one-hter bottle the 
apparatus as m Fig 24 Chaige the hard glass tube with about 
10 g of gianular pyiite,* and place a small, loose plug of asbestos 
]ust beyond the pynte to letain any unburnt sulphur Put into 
the distilhng-flask about 10 c c of puie concentiated mtiic acid 
The safety bottle, half filled with water to show the rate at 
which ail IS being diawn thiough the appaiatus, is attached to 
the water pump The total air admitted is regulated by the 

* In case very pure pynte is not available, it is better to depart fiom the 
oommon manufaotunng process by substituting a boat containing a little 
sulphur 
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sciew-clamp between the pump aud the safety bottle, while the 
propoitions which pass ovei the pyiite and which cany ovci 
the nitric acid vapoi, respectively, aie legulatcd liy pinching 
one of the tubes with the hiigei aud thumb 



First heat the pyrite in a veiy .slow stieam of air until the 
sulphur bums Then wartn the nitiic acid and, by pinching 
the tube aclrmttmg aii to the pyiite-burner, divert part of the 
ail cm lent so that it may cairy ovci a little of the vapor of 
the acid Heat the pyrite stioiigly and continuously Repeat 
the intioduction of an laden with nitric acid at inteivals, when- 
eyei the disappeaiance of the red fumes in the bottle shows 
that a fuithei supply is needed 

• Aftei a crust of white crystals (?) has formed in the bottle 
(there may be consideiable delay befoic crystallization starts), 
remove the attachments and blow the gases from the inteiior 
by means of the air blast If ciystallization fails to begin after 
a reasonable time (note that an interaction even between the 
molecules of gases may be slow, in spite of the completeness of 
the mixing), th» cause is either the introduction of too much 
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watei along with the mine acid, oi the high tempeiatuie pio- 
duced by the chemical actions taking place m the bottle Re- 
moving the attachments and cooling the bottle in a sticam of 
watei fiequently bungs crystallization about 
Add 4-5 c c of watei and wash down the ciystals W3th it 
Describe all that happens (?) If moie of the pioduct is le- 
quiied, the apparatus may be coimected up again and a further 
supply of sulphur dioxide diawii into the bottle, and subse- 
quently moie nitric acid vapoi can be added Finally any 
remaining ciystals may be decomposed by water f 

Filter the liquid in the bottle thiough a very small filter paper 
into a dish, iinsing the bottle with 2-3 c c of watei , and evapo- 
rate on the sand bath [Hood] until the hquid begins to fume 
strongly (’) This will remove any nitiic oi nitrous acid that 
it may contain Use the lesult foi 86 a and b 
86 Properties of Sulphuric Acid 

a Dip a match-stick into the liquid from 86 (oi into a few 
diops of conccntiated sulphuric acid), and make marks on a 
sheet of paper Place both paper and stick in a waim place (?) 
What property of the acid is here obseived? 

h Aftei the acid piepaied in 86 is cold, dilute it with 2 
volumes of water Test the solution with litmus paper C?) 
To 2-3 diops of the acid add baiium chloiide solution (?) To 
leain whethei the action is easily leversible, add pure hydio- 
chloiic acid to the rmxtuie (?) The formation of this precipi- 
tate, and its insolubility, furmsh a distinctive test for what 
radical? Which substances contain this radical? To the rest 
of the acid add a minute amount of cupiic oxide (pulv ) and" 
warm gently foi one minute or more (?) Can an oxide of a 
metallic element be foimed m presence of sulphuric acid? 
What property of sulphuiic acid is shown in 6? 

c Pass a current of hydrogen sulphide through 2-3 c c of 
concentrated sulphuiic acid Note the odoi (?) and precipi- 
tate (?) What property of sulphuiic acid is shown in c? What 
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othci evidence of this piopcity have we pieviously obseived 
(see 10 d and 62) ? 

d Place a small piece of sulphui in 2-3 c c of concentiated 
sulphtyic acid, and heat (?) Note the odoi (?) 

e Heat a little chaicoal with sulphunc acid and note the 
odoi (?) What piopeity of sulphunc acid is shown in d and 
Why would not dilute sulphunc acid show this property? 

/ [Hood] Take 2-3 c c of concentiated sulphunc acid in 
•«, test-tube Suspend a theimometcr so that the bulb is com- 
pletely immersed in the acid Heat the contents of the tube 
by means of a small flame and note the temperatuie at which 
any effect (?) is obseived, and that at which it is conspicuous 
Relate this temperature to that obseived in 83 c [Caution! 
Dunng the heating lemcmbei that, if the tube should ciack, 
the hot acid may splash on the clothes and hands and produce 
severe burns Hold the buinei in the hand, and place a laige 
beaker below the test-tube Exeicise propei caution Becaie- 
ful not to wash out this tube until the acid has cooled ] 

87 Sulphunc Acid as a Dibasic Acid 

a (Two students working together ) Fill a buiette with a 
solution of potassium hydroxide made as in 71 Add 15 c c 
of concentiated sulphunc acid slowly to 35 c c of water m a 
beakei , and fill another buiette with the diluted acid, when cold 
Ascertain as m 71 what volume of the alkah will neutralize 5 o c 
of the acid Concentrate the mixture in an evapoiatmg dish to 
atout 10 c c , remove the dish from the watei bath, and allow 
the resulting solution to crystaUize Dry the crystals on filtei 
paper To a second portion of the acid (use no phenolphtha- 
lein Why?), twice as great as before, add exactly the same 
amount of the alkah Evaporate to about See and treat as 
before 

Compare the two lots of crystals as regards (a) foim, (b) 
taste, (c) react^pn of their solution towards htmus Confirm 
by studying the same proper ties of the pm e substances Explain 
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the diffeicnccs m these thiee lespects between youi own piepaia- 
tions and the puie ones, if any aie obseived Explain, in terms 
of the hypothesis of ions, the ditfeience in the reactions of the 
two products towards litmus 

Foiinulate, study, and explain the actions, as in 69 a ^second 
pai ) Take the components of the original solutions [R 287] 
one by one, and describe what happens to each, (a) during 
complete neutiahzation, (b) duiing semi-neutrahzation in the 
second part of the experiment 

What would be the effect of heating perfectly diy specimens 
of each of the salts [R 285]'’ 

How many grains of potassium-hydrogen sulphate are re- 
quired to give 1 litei of a solution ot noimal concontiation in 
respect to (a) potassiuin-iou, (b) hjdiogen-ion, (c) sulphate- 
ion? 

b Make a solution of sodium bicarbonate and test it with 
litmus papei (’) and with Congo red paper ('’) Why do some 
acid salts show little oi no acid reaction towaids indicators'’ 

I Define carefully, and illustrate, the terras normal (neutral) 
salt, acid salt, and basic salt [R 245] 

88 Sulphates Place some ferric sulphate in a porcelain 
ciucible supported on the clay triangle, and heat stiongly 
[Hood] with the blast-lamp, continuing the heating aftei all 
the watei has been driven off (?) What aie the piopcrties of 
the vapoi given off (?), and what is it? What is the residue? 
Relate this result to that in 86 / Recall the action of heat Cn 
dehydrated gypsum (SO) Classify the sulphates m accordaneg 
with this distinction 

89 Properties of Sulphurous Acid [Hoon] Use a stream 
of sulphur dioxide from a cylinder of the liquefied gas, or tiom 
the apparatus described in 83 d Boil half a test-tube full of 
water for two minutes and set it aside to cool for use m c 

a Pass a stieam of sulphur dioxide for a few minutes into a 
tesUtube full of water Test solution with litmus paper (?) 
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What compound ib piesent m the aqueous solution of the gas? 
Note also the odoi of the liquid (’) Foimulate the interac- 
tion, showing all the substances piesent Divide the solution 
into thiee poitions 

h ^oil one portion peisistently in an evapoiating dish 
[Hood] notmg fioin time to time the odoi and leaction towards 
htmus C^) In lespect to the leault, does the solution of this 
gas lesemble that of hydrogen sulphide, oi that of hydrogen 
chloiide’ 

c Pass sulphui choxide thiough the water that was boiled 
and to this add baiium chloiide solution (?) To asceitain 
whethei this action is easily leveisible, add excess of pure 
hydrochlonc acid (?) 

d To the second poition fiom a add bromiiie-watci (?) until 
the color is peimanent (?) Now add baiium chloride to the 
mixtuie (?) and then puie hydrochloric acid (?) 

What chemical properties of sulphmous acid are illustrated 
in a, b, c, and d, respectively? 

e Leave the thud portion of the sulphmous acid from a for 
seveial days exposed to the an in an open test-tube oi bottle 
Then add baiium chloiide and pme hydrochlonc acid, and 
compare the result with that in c 

f To 2-3 c c of potassium dichromate solution, add thiee 
01 foui equivalents (a laige excess) of dilute sulphuric acid 
What substances does the mixtuie contain? Lead a stieam of 
'sulphur dioxide thiough the solution until no further change 
IS observed (?) 

g Take 2-3 c c of potassium permanganate solution, treat 
as in / (?), and answer the same questions (?) 

h FiH a bottle with the gas by upward displacement, 
mtroduce some moistened litmus paper or grass, and a small 
piece of an apple, and close with a glass plate (?) Place 
another piece of an apple in an evaporating dish Later, 
lemove the fii^ piece of applq fiom the bottle and place it on a 
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watch-glass Aftei exposure to the an foi a day oi more, 
coinpaie the pieces of apple ('’) 

What piopcrties of sulphuious acid aie illustiated m e, f, g, 
and h, lespectively? 

90 Sulphites 

a To 1 g of sochum sulphite add any dilute mineral acid 
(that is to say, one of the common acids, but not an orgamc 
acid such as acetic) (’) Foimulate this action completely 
b Dissolve a imnute amount of sodium sulphite m watei 
and add bioinmc-watei m excess (test? The coloi must 
remain) Remo\o the excess of biomine by boihng Add 
barium chlonde solution (’) and then puie hydiochloiic acid (?) 
Compaie this expeiiment with that in 89 d, considei whether it 
IS piobably the inoleciilai sodium sulphite, oi the sulphite-ion, 
which IS oxicbzed and make the equation accoicbngly (?) 

c Heat peisistently about 1 g of sodium sulphite m a porce- 
lain ciuciblc, supported on the clay triangle over a blast-lamp 
When cool, acidify with hydrochloiic acid (?) and note the 
odoi If any sulphur is piecipitated, account for its formation 
d Place about 1 g of sodium bisulphite in a haid glass 
test-tube and heat cautiously with the tube in a horizontal 
position (why'’) Note the odoi (^) and whether any vapor 
condenses (?) This behavioi is typical of that of many acid 
salts What would be the final effect of heatmg sodium bi- 
sulphite moie strongly and for a longer time? In what way i 9 
the behavioi of potassium bisulphate different (87 a), and why? 
91, Thiosulphates 

a Dissolve about 5 g of sodium sulphite m about 20 c c of 
watei m a small flask Add 4r-5 g of flowers of sulphur to the 
solution and boil gently over a small ,flame for 10-15 mmutea 
Filter off the clear solution and divide into two parts 
b To one portion add excess of any dilute mineral acid (?) 
Note the odor (?) " 
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c Heat peisistently about 1 g of sodium thiosulphate m a 
porcelain crucible ovei a blast-lamp (?) Note the appeal ance 
of the residue (?) When cold, add dilute hydiochloric acid (?) 
and identify the pioducts If any odoi was obaeived duimg 
the beating, can you now account foi it? 

92 Reduction of Sulphur Compounds [Instiuctions] Mix 
a pinch of any salt of a sulphur acid with an equal amount of 
anhydrous sodimn carbonate Slightly char the end of a match 
-•from which the head has been lemoved, and lub the chaired 
pait, which should bo about an inch in length, with a heated 
crystal of hydiated sochum caibonate Moisten the above 
mixtuie with watei, place some of it on the end of the match, 
and heat in the i educing region of a small Bunsen flame Put 
the result on a clean silvei com lying m a watch-glass and mois- 
ten with one drop of watei (?) Examine the com (?) Then add 
some dilute mmeial acid and note the odoi (?) This, known as 
the “hepai” test, is a test for sulphui m any form of com- 
bination 
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93 Hypoohlorous Acid from Bleaching Powder 
a Take about 2 c c of bleaching powdei with 20 c c of 
water m a test-tube, shake from tune to time and finally filtei 
to obtain a clear solution Meanwhile aiiange an appaiatus 
(Fig 17, p 51), to geneiate caibon dioxide, using maible and 
hydrochloiic acid Pour most of the cleai bleaching powder 
solution into anothei test-tube, and pass caibon dioxide through 
it foi 5 minutes What is the precipitate [R dlO]’ Filter 
again, to obtain a clear solution of hypochloious acid for use in c 
h In the lest of the bleaching powder solution dip stnps 
of litmus paper Leave one m the solution (?) Does bleach- 
ing powdei solution bleach? Hang the other in the air and 
examine latei (?) What acid hcie liberates the hypochloious 
acid‘s To what class of chemical actions does that on the htmus 
belong? 

c In the hypochloious acid solution from a place pm all 
pieces of (a) litmus papei, (b) paper with pnntmg on it [R 398], 
(c) papei with wntmg m ink [R 634] and (d) m pencil [R 378]", 
and (e) colored calico Observe and record the effect on each 
(?) Which of these owe their coloi oi blacloiess to fiee caibon, '' 
and which to coloicd oigamc compounds? Does hypochloious 
acid oxidize free caibon? What does it oxidize? 

d How could you prepaie an aqueous solution of pure 
calcium hypochloiite [R 307-308]? 

* From a freshly opened “tm can” of the substance Wtjen kept in a bottle 
it IS likely to be decomposed by the carbon dioxide m the air 
98 
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94 Chlorine Water [HOO0] Set up an apparatus to genei- 
ate chloiiiie as in 48 h and use in 94 a and m 96 a 

a Make 10 c c of an aqueous solution of chloiine in a test- 
tube To the solution add a diop of indigo solution [E 311] (?) 

b What evidence does cxpeiiment a fuimsh that hypo- 
chlorous acid IS a more active oxidizing agent than is atmos- 
pheiic oxygen? Why is it thus moie active? 

96 Chlorates [Hood] 

0 Dissolve 3 g (weighed on laboratoiy scales) of solid 
potassium hydi oxide in 7 c c of water in a test-tube and 
saturate (Test''’ The solution must cease to feel soapy) the 
solution with chloiine While the saturation is pioceedmg, 
calculate the volume of chlorine (at 0° and 760 mm ) lequiied 
to mteiact with 3 g of potassium hydroxide, one atomic weight 
of chlorine being needed for each molecule of potassium hy- 
droxide At five bubbles to 1 c c , how many bubbles of 
chlorme will be used? Obseive how many bubbles issue fiom 
youi apparatus in fifteen seconds, and calculate hoxv long the 
operation may be expected to take (?) Crystals will appear 
duimg the process of saturation and will increase in quantity as 
the hquid afterwards cools Filter off the crystals on a small 
filter papei, and exaimne the filtrate and the ciystals (in b), 
sepal ately, as follows 

Add to the filtrate dilute mtnc acid (this is to destroy potas- 
sium hydroxide, in case any remains no equation needed), and 
' test with a few chops of silver mtrate solution (“?) What 

radical is shown by this test to be present (64 a)? What 
product IS thus shown to have been formed by the mteraction 
of chlorme and potassium hydroxide? 

b Examine the crystals from a with a lens and describe 
them Dry the crystals, heat them in a narrow tube, and 
test foi oxygen (?) Dissolve the residue from this operation 
m distilled water and add silver mtrate solution C?) What 
substances constituted the crystals and the residue, respec- 
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lively? From the bchavioi of the foimei substanQp during 
making, what do you infei as to its solubility'^ Is the infer- 
ence coriect (Appendix IV)’ 

What effect was obseived on adding silvei nitiate solutipn to 
a solution of potassium chloiate (64 a)? How may the cblo- 
late laihcal be distingmshed fiom that of the chlondes? The 
crystals of potassium chlorate made in a are not free from 
tiaces of potassium chloiide (why’), and could not therefore 
be utihzcd foi this test What method should you suggest foi 
puiifymg the chlorate’ 

c To a nunute amount of finely powdered potassium chloiate 
add two drops of pure, concentiated hvdiochloric acid (?) 
The yellow substance is formed by decomposition of one of the 
products [R 314] (’) How would a chloride behave with 
hydiochloiic acid’ 

Give the three ways of distiugmsbmg chlondes from chlo- 
lates 

96 Perchlorates 

a Measuie 600 c c of watei mto yom l-hter bottle, and 
maik the level reached Obseive the temperature and pressme 
of the an and calculate the weight of potassimn chloiate wbch 
will be necessaiy to give 600 c c of oxygen under these condi- 
tions (the tension of aqueous vapoi may be neglected, as the 
vapoi will occupy only about 10 c c of the 600 c c at 18°) and at 
the same tune leave the perchlorate and chlonde as a residue 
This stage is reached when one-fifth of the total oxygen has been 
evolved in other woids, talce so much of the chlorate as, if 
completely decomposed, would fuimsh five tunes 600 c c 

Fill the 1-litei bottle with water and invert it m the pneu- 
matic tiough Weigh the calculated amount of chlorate mto 
a haid glass test-tube, which has pieviously been closely fitted 
with a one-hole cork and deliveiy tube, and see that the appa- 
ratus has been made air-tight Gently heat the^ chlorate and 
collect in the l-hter bottle enough oxygen to fill the bottle to 



OXYGEN ACIDS OF THE HALOGENS 


101 


5 m 

the mark, measured, of couise, when the maik is at the same 
level as the water m the trough Piocced slowly towaids the 
end so as to allow the gas to cool, stop heating when the raaik 
IS reached, and remove the deliveiy tube at once fiom the 
wates Poui the melted substance into a moitai befoie it has 
tune to solidify Pulveiize the mixluie 
The imxtuie consists mainly of the chloiide and pei chlorate 
of potassium The solubilities (giams of the salt dissolved by 
100 c c of watei) of these salts aie as follows 

15“ 20“ 100“ 

Potassium chloiide 33 35 56 

Potassium peichloiate 15 18 20 

To sepal ate the substances, calculate appioMinately the amount 
of potassium chloiide which must be present when one-fifth of 
the oxygen has been liberated 

10 KClOa 6 KClOr -P 4 KCl -P 3 O 2 
Shake the powdei persistently with an amount of cold water 
just sufficient to dissolve this salt Cut, fold, and place 111 a 
funnel a filter paper just laige enough to hold the undissolved 
material Collect the latter upon the filtei and wash it with a 
few drops of cold water Calculate the amount of watei which 
at 100° wiU dissolve the residue, assuming it to be potassium 
per chloi ate Dissolve it in this amount of water by boiling , and 
allow the solution to stand for an hour or two Collect the 
.crystals upon a filter, wash them as before, and dry them 
b Dissolve a little of the substance m distilled water and 
' test with silver mtiate solution {"f) Explain (64 d) , 

To a minute amount of the crystals add two chops of pure 
concentrated hycbochloiic acid [R 315-316] (’) Why does the 
result differ from that when potassium chloi ate was treated 
with the same acid (96 c)? 

Place about 1 g of the crystals in a narrow test-tube, heat, 
and test for oi«ygen (?) 
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How could you distinguish a peichloiate fiom a chloiide, and 
from a chloiate? 

97. Bromic and Iodic Acids 

a Take two test-tubes and place m one a minute fiagracnt 
of iodine and in the othei 2-3 diops of biominc-water '^Add 
about 5-10 c c of water and a httle caibon disulplude to each, 
and shake (63 a and 67 a) The caibon disulphide is added 
simply foi the purpose of collecting the halogen and making its 
presence obvious Now pass chlorine (generated as in 63 &), a 
few bubbles at a tune, through (oi add chloiine-water, a few 
drops at a time, to) the water m the test-tubes, alternately, 
and shake vigoiously aftei each addition of chlorine until a 
change is seen [R. 318] (?) Which of the halogens is first 
affected, and why? 

b. To about 10 c c of water in a test-tube add a single diop 
of potassium iodide solution and then a single drop of potas- 
sium bromide solution Shake Poui away thiee-fourths of 
the solution and add water Introduce also a few drops of 
carbon disulphide Now pass chloiine (geneiated as in 63 6), a 
few bubbles at a time, into the liquid, or add chloiine-water a 
httle at a time, shaking vigoiously after each addition of 
chlorine (?) Continue until no further changes occur, and 
explain all the changes which are observed This proceduie 
IS used m analysis for recogmzing a biomide m presence of an 
iodide 

c Prepare some dilute biomic acid by taking 2-3 c c of ■ 
potassium bi ornate solution and adding an equal volume of 
dilute sulphmic acid (?) Make the equation for this double 
decomposition Is the action complete (64 d)’ In what fol- 
lows, disregard the substances present with the bromic acid, 
and place the latter only m the equation Drop into this solu- 
tion a single small crystal of iodine and shake repeatedly, 
allowing the mixture to stand for some minutes after each shak- 
mg(?) Pom.' off the solution from any undissolved iodine, to 
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the deal hquid add a few diops of carbon disulphide, and shake 
(7) What fiee halo^^cn It, heie detected'* What does this show 
in rogaid to the lelative tendencies of bioraine and lodme to 
unite with oxygen? 

Whai inference can you diaw from a in legaid to the lelative 
activity of chloime, as coiiipaied with hiominc and iodine, 
towaids oxygen^ What would be the action of iodine upon a 
solution of chloric acid? 

Which variety of chemical change was heic obseived? How 
bould you show, by a single expeiiraent, that, although no 
change is visible, the bromic acid actually is foimed when the 
sulphuric acid is added, above, and that it is the bromic acid, 
and not the potassium bromate, which interacts with the 



CHAPTER XV 


THE ATMOBPHEBE, NITROGEN, AMMONIA 

98 Preparation of Nitrogen from Air Place a large plug 
of tightly rolled copper gauze, oi of copper turnings held at each 
end by asbestos, in the center of a hard glass tube (Fig llC 
p 24) Fit with colics and short glass tubes, and connect with 
the short tube of the aspiiatoi (Fig 14, p 36) Fill com- 
pletely with water the bottle and long tube of the aspiratoi and 
close the lattei with a screw clamp [Storeroom] Arrange a 
vessel to catch the water discharged Now heat the copper 
red-hot and then paitly open the clamp so as to allow the water 
to be syphoned off in a veiy slow stieam The air will pass over 
the heated coppei What change does the copper undergo, and 
what collects m the bottle'? After thiee-fourths of the watei 
has lun out, close the clamp, discomiect the hard glass tube, 
attach a dehvery tube in its place, elevate the end of the syphon, 
and leplace the nozzle by a small funnel supported by a clamp 
Pour water into the funnel, and diive the gas ovei into a bottle 
of watei inveitod in the pneumatic tiough Ascertam whether 
this gas suppoits combustion (“?) Describe the gas as legards 
color and smell (?) What other gaseous substances, besidps 
mtiogen, does this gas contain? 

Other ways of removing oxygen from the an are described 
elsewhere (16, 99, and 106 d) 

99 Proportion (by Volume) of Oxygen m the Air [Quant ] 
(fiom Cooley’s Lahoraimy Studies) Provide a large test-tube 
with a two-hole cork (a rubber stopper is apt to shp out in use) 
Into one hole fit a shoit piece of glass tubing terminating in a 
rounded nozzle, the tip of which projects but kttle beyond the 

104 
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bottom of the &toppei Into the othci hole fit a shoit glass lod 
Test the appaiatus foi au-tightncs& Connect the uppei end 
of the glass tube with a short-stemmed funnel by means of a 
piece of lubber tubing (15 cm long) 
as m Fig 25, and suppoit the funnel 
111 a clamp 

Disconnect the test-tube, tempo- 
laiily, and lemove the glass rod 
^rom the cork Prepare an aJkahne 
solution of potassium pyrogallate 
by mixing 3 c c of pyiogaUic acid 
solution with 20 c c of a solution of 
potassium hydroxide specially pre- 
pared for this experiment, and pom 
this into the funnel The following 
operations should consume as little 
time as possible, as the alkaline 
solution giadually absorbs oxygen 
from the air of the room, and thereby 
becomes useless for fuithei absorp- 
tion Now open the clamp and 
permit this solution to fill the rub- 
ber and glass tubes completely down 
to the opemng of the no/zle Replace the test-tube, fitting the 
cork tightly into its mouth Finally, reinsert the glass rod, 
and so inclose a volume of an equal to the content of the test- 
tube and at the temperature and pressme of the atmosphere 

Now open the clamp, taking care not to warm the test-tube 
by handling (use a piece of filtei -paper when touching the tesF- 
tube) A few drops of the alkaline solution wiU enter the test- 
tube and, as the oxygen is absorbed, more of the solution will 
flow in Close the clamp and invert the test-tube once or twice 
in order to bring the liquid thoroughly in contact with the 
inclosed air Fmally, while the test-tube is in the mveited 
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position, reopen the clamp and equalize the levels of the liquid 
in test-tube and funnel by laising oi loweiiug the formei Then 
close the clamp, restoie the test-tube to its oiigmal position, 
and mark the levels of the surface of the liquid and of the bottom 
of the coik by means of paper labels oi lings cut from rubber 
tubing 

Disconnect the test-tube and wash out the liquid, taking caio 
not to get the alkaline solution upon the hands Then, by 
means of a burette, or graduated cylinder, filled with water, ^ 
measure the volumes lequired to fill the test-tube up to the 
lower and upper maiks respectively (?) The former is the 
volume of the oxygen, the latter that of the an Calculate 
the percentage of oxygen in the an by volume (?) 

100. Other Componenta and Density of Air 
0 Place 2-3 c c of clear baiium hydioxide solution m the 
bottom of a small beaker and leave it exposed to the an for 
some hours (?) 

b Blow air from the lungs through a glass tube into 2-4 c c 
of deal baiium hydioxide solution (?) Explain (?) 

c How may the presence of aqueous vapor in air be demon- 
stiated (43 b)? How may its quantity be measured? 

d The weight of a measuied volume of air, oi of nitiogen, 
may be determined by the method described in 124 From 
the data so obtamed the density may be calculated 
101 Nitrogen 

a Place about 10 g of pure sodium niliite and about 8 g 
of ammomum chloride m a 250 c c flask fitted with safety ancf 
dehvery tubes (Fig 10, p 22) If b is to be performed, insert 
between the flask and the dehvery tube a U-tube containing 
calcium chloiide for drjung the gas 
Clamp the flask by the neck to a ring-stand, add about 15 c c 
of water, and warm gently [Caution'] As soon as the action 
begms, remove the flame, bimg a dish of cold ^atei under the 
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flask, and cool it for a few seconds at a time so that the action 
may not become too violent, but may lun umfoimly. Aftei 
sufficient time has been allowed for the displacement of air 
fiom the apparatus, fil^ a bottle with the gas ovei watei in a 
pneumdtic tiough Has the gas odoi oi coloi? Does it sup- 
port combustion? 

b (Two students woiking togethei ) In a piece of haid 
glass tubing, fitted with corks and shoit pieces of glass tubing, 
glace a poicelain boat half filled with powdered magnesium 
Connect one end of this tube to the outlet tube of the flask in 
a geneiatmg nitiogen Heat the magnesium strongly (two 
Bunsen burneis may be necessary) What action is noticed? 
What is the coloi of the product? Transfer the contents, when 
cold, to a diy test-tube, close with a coik, and use in 102 b. 
May the same pioduct be foinied when magnesium is heated m 
the air? Wliat other compound would be formed under the 
lattei conditions? Examine the glass tube and name the 
shining black substance on the inside surface [R 425] (?) 

102 Ammonia 

a Fit a small flask with a cork and L-shaped exit tube, and 
connect the lattei with a U-tube Put a little watei m the 
bend of the lattei so as just to close the passage Test the 
apparatus for aii-tightness Place in the flask a mixture of 
powdered qmcldime and ammonium chloiide, about 10 g of 
each, and warm gently [Hood] After the air has been dis- 
placed, the whole of the gas should dissolve in the water Use 
this solution of ammonium hydi’oxidc in 103 
If required to determine the density of ammoma, which of 
the various methods should you select (31 a, 84, or 124)? 

b To the product from 101 b add a httie water, boil, and 
note the odor (?) What other substances would behave m the 
same way as magnesium nitride? 

c Heat a small piece of gelatine m a dry test-tube and note 
the odor (?). * 
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103 Ammonium Hydroxide. An Inactive Base: Salts of 
Ammonium 

a Test the leaction towaida litmus paper of the solution 
made in 102 a (?) What substance la present? Hold a glass 
rod dipped in concentrated hydrochloiic acid over the solution 
(?) What substance is shown by this test to be piesent’ 
Foimulate the relations (m equihbiium) of all the substances 
m the solution 

h Expose 1-2 c c of the solution tiom 102 a m an evaporat- 
ing-dish foi 24 horns and then note the odor (?) and test with 
litmus (?) Heat [Hood] another small portion in an evapo- 
latmg-dish for some minutes, and note the odoi fiom time to 
time (?) Does the aqueous solution of this gas behave like 
that of hydiochloiic acid, oi hke that of hydrogen sulphide? 
What other gases resemble ammoma m tbs respect? 

c Neutiahze (test ?) the remaindei of the solution from 102 a 
with dilute sulphuiic acid and evaporate to diyness on a water 
bath (?) Foimulate tbs action after the model in 69 a (sec- 
ond par), and explain what happens duiing neutralization to 
each of the substances piesent in the ammomum 
hydioxide solution (?) 

Scrape the residue into the middle of the dish, 
invert over it a funnel smaller than the dish, the 
stem of which has been closed with a paper plug, 
and heat the centei of the dish strongly and 
Fig 26 persistently with a small flame (Fig 26) (?) To 
leain whether the subhmate is identical with 
the residue, examine it for the ammomum radical (103 d , , be^ 
low), and the sulphate (86 6) radical 
d Dilute 1-2 c c of ammomum chloride solution and add to 
it 1-2 c c of sodium hydroxide solution (?) Note the odor (?) 
Formulate, study, and explain tbs action according to the 
directions m 69 a (second par ) Include in the formulation the 
hberation of the ammonia. What is an inactive base? 
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e The evolution of ammoma when an active base is added to 
a solution of any ammonium salt is used as a test foi the latter 
Why would not simply heating the salt by itself (as in 103 c and/) 
seive as a test? What salt of ammonium that we have used 
gives, when heated, no ammonia'* Name othei salts of am- 
monium which likewise give no ammonia [R 357, 603] (?) 
Conversely, what substance when heated gave ammonia, yet 
contained no ammonium salt (102 c)7 What otliei substances 
;^ehave thus [R 340, 422]? 

/ Place some ammomum chloiidc in the middle of an open, 
haul glass tube Suppoit this in a very slightly inclined (5°) 
position by means of a clamp attached close to one end Put 
pieces of moistened htmus papei (both colors) in each end, and 
heat the salt stiongly (?) Watch closely the effect on the 
papei s at each end (?) What does this expeiiraent show to be 
the action of heat on ammomum chloi ide? Which gas appeared 
fiist at the ends of the tube, and why fiist at both lowei and 
highei ends? What should be the relative speeds, by calcula- 
tion, of the two gases [R 78]’ Why does the second gas reach 
the ends so veiy much latei than one might expect’ Has 
giavity an mfluence on any of these results? 
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104 Preparation of Nitnc Acid [Hood] 
a Pulveiize about 15 g of sodium nitrate and place it in a 
diy letort oi distilling-flask [Storcioom] Covei the salt with 
concentrated sulphmic acid and wait until this liquid has per- 
meated and moistened the cntiie mass Support the vessel by 
a clamp upon a sand bath and allow the nock of the letoit (or 
side-tube of the flask) to extend to the bottom of a small flask 
(the leceivei, Fig 27) In oidei that the vapoi of the mtiio 
acid may condense, this flask is im- 
mersed in a vessel of cold watei , and 
IS covered with filtei papei which is 
continually moistened Heat the 
letort gently until a sufiicient 
amount of mtrio acid has been ob- 
tained, and pieseive the product in a corked test-tube for use 
in h [Caution! Senous wounds may be caused by allowing this 
liquid to come in contact with the slan] What is the composi- 
tion of “concentiated” mtiic acid [R 348], and how does the 
acid here made differ from the “concentiated” acid? Whatlf^w 
teaches us to expect that the acid heie prepaied will be more 
active (and dangeious to handle) than the “ concentrated” acid? 

b Note the color of the acid prepared m a (?) Blow some 
air from the blast through the acid (?) What is the coloi of 
pure mtric acid? To what substance was the color of this 
sample due, and by what action was it formed? What property 
of mtnc acid does its formation indicate? Blow the moist air 
110 
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of the breath over this specimen (?) What property does this 
mchcate'i’ Deteimme the boilmg-pomt of anhydrous mtiic acid 
by boiling this sample in a distillmg-flabk [Stoierooml with a 
thermometei immeised m the vapoi (’’) 

loe* Nitric Oxide 

a Into a small flask, fitted as m Fig 10 (p 22) and contain- 
ing about 10 g of coppei, poui 10 c c of watei and then an equal 
amount of concentrated mtiic acid Collect the gas over water 
in the pneumatic tiough Note the color of the gases first 
foimed, and observe the color of the pure gas finally collected 
over the water Fill two bottles (for b, o) and the large test- 
tube (foi d) with the gas 

The pioduction of colored gases, when coppei is added, is 
used as a test for mtiic acid 

b Into one bottle mtioduce a burning match (?) Note 
also the effect of opemng this bottle to the air (’) This effect 
may be used as a test for nitnc ovide, or, conversely, for oxygen 
How should you apply it for each of these purposes? 

c Into the second bottle lowei a deflagrating spoon with 
a veiy little vigoiously burning, red phosphorus (’) What 
change m volume does the gas undergo in this 
action? 

d Transfer without loss the mtiic oxide in the 
test-tube to a small bcakei filled with watei and 
inverted in the pneumatic tiough Prepare some 
, oxygen by placing 1 g of sodium peroxide m a 
side-neck test-tube (Fig 28) and introducing water, 
drop by drop, from the dioppei Fill the test-tube 
with oxygen and add this to the mtiic oxide (?), 
thus securing equal volumes of the gases Shake 
the beaker, keeping the mouth well immersed, 
until no fuithei change occurs Transfer the lemaimng gas, 
which must be either mtiic oxide oi oxygen, back to the test- 
tube Note •its volume, and determme what gas it is (’) 



Fig 28 



tl2 OXYGEN ACIDS OF NITROGEN [§ 106 

What lelative volumes aie (a) used foi the mteiaction and (b) 
required by the equation’ 

How might the piopoition of oxygen in the an be deter- 
mined by application of this mteiaction’ 

e Prepare 10 c c of a concentrated solution of ferrous- 
ammonium sulphate [Note 38, p 87] (oi ferrous suliihate) and 
divide into three portions Into one pass a gentle stream of 
lutiic oxide (?) Boil the hquid (’) 
f Add to the second poition of feirous-ammonium sulphate 
solution an equivalent amount of dilute sulphuric acid, heat 
to boihng, and add mtric acid chop by diop (mix after each 
chop) until tlieie is no fmthei action (’) What gas is liberated? 

g Dissolve a single crystal of sodium nitrate ni 1-2 c c of 
water, and add a part of tins solution to the remaindei of the 
feiious-ammomum sulphate solution fioin e Pom concen- 
tiated sulphuiic acid cautiously and steadily down the side of 
the test-tube until it forms a consideiable layei at the bottom 
of the tube Note the brown iing between the layers, and 
explain by refeience to e and / [R 350] (?) This constitutes a 
delicate test foi nitiic acid oi a mtrate In what way does the 
avoidance of mixing (and consequent iing-foimation) contribute 
to the delicateness of the test’ 
h Take 2-3 c c of concentiated mtiic acid in a test-tube, 
warm it slightly, and lead through it a stream of mtric oxide (?) 
By waiting until the air has been wholly chsplaced, make 
certam whether the colored gas is formed by an mteraction of 
the mtric oxide with the mtrie acid, or simply by contact with 
the an m the test-tube (’) To observe the color of a gas, do 
not look across the test-tube, but down the tube at a sheet of 
white paper 

106 Nitrogen Tetroxide 

a Fit a hard glass test-tube with a cork and L-shaped exit 
tube, and see that it is air-tight Place 8-10 g of lead mtrate 
m the tube and clamp it m a honzontal position r Tap the tube 
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until the salt settles m a layei, leaving a wide channel above it 
Piepaie a stioug solution of sodium hydrovide by cbssolving 
2 g of the solid in 7 c c of watei and allow the dehveiy tube to 
reach the bottom of this solution Now beat the lead mtiate 
(?) pe?&istently until gas is no longei given off, oi until the bqmd 
IS no longei soapy to the touch If all the gas '■s not absoibed 
in the alkali, test the escaping bubbles foi oxygen (?) Label 
the solution and set it aside foi use in 111 d 
h What is the residue? What othei nitiatc have wc dccom- 
' posed in the same way (22)? This behavioi when heated is 
typical of the nitiates of the bcavj’- metals, and may be used 
foi identifying them Which nitiatcs, when heated, would 
leave the metal, instead of the oxide [R 60]? Why do com- 
meicial specimens of meicuiic owde [R 534], when heated m 
the preparation of oxygen, fiequently give off a blown gas? 

107 Princlplea Involved in Malang Nitric Acid 
a Addition of coppei (106 a) to a hquid contaimng mtiio 
acid gives led vapois Is this a test foi any substance cou- 
taimng the mtiate ladical, oi only foi lutric acid? To answei 
this question dissolve a bttle soebum mtrate in watei, add copper 
and warm (*?) 

b Was mtiic acid formed m 104 on mixing sodium mtiate 
and sulphuiic acid, befoie the distillation began? Solve this 
question by mmng sodium mtiate (finely pulverized) with 
concentiated sulphunc acid, adding a veiy bttle watei [Cau- 
tion] and agitating for a minute oi so Lowei a glass rod 
dipped in ammomum hydroxide solution mto the test-tube C?) 
’Apply also the coppei test as m a (?) 

c Is the action of sulphunc acid upon sodium mtiate revers- 
ibl ? Take 2-3 c c of satmated sodium-hydrogen sulphate 
solution and add to it an equal or even grcatei volmne of pure 
concentrated mtnc acid Cool the mixture in a stream of cold 
water and stir with a glass lod (?) The salt solution must be 
sufficiently coficentrated, otherwise the experiment will fail 
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Examine with a lens the ciystallme pioduct that sepaiates 
out (’) If the action is icveisihle, what enabled us to obtain 
a laige yield of nitiic acid in 104? 

d Will othei acids behave like sulphuiic acid? Mix some 
pulveiized sodium nitiate with phosphoiic acid, agitate' foi a 
minute oi two, and apply the coppei test as in a (?) Could 
phosphoiic acid be used in the piepaiation of lutiic acid as 
in 104'’ Why? Could hydiochloiic acid be used [R 145, 348, 
356]? Could hydrofluoiic acid be used [R 206, 348]'? Give 
leasons foi your answeis C?) 

108 Properties of Nitric Acid 
a Test chlutc nitric acid with litmus papei (?) 
b Add 1 g of sulphui to 2-3 c c of concentiated nitiio acid 
and boil [Hood] foi two oi thiee minutes (“?) Is theie any 
evidence of action? Poui the clcai liquid into another test- 
tube, dilute with watei, and test for the sulphate radical (?) 
What piopeity of mtiic acid is heie shown? 

c The mtei action of chlute (16 c) and of concentiated (16 d) 
sulphuiic acid with metals has alicady been studied Try 
the action of (a) magnesium and (b) zinc, separately, eithei 
upon dilute or upon concentiated nitiic acid, and of (c) copper 
upon both, and exploie the whole action thoroughly in each of 
the four cases as follows 

Fit up a side-neck test-tube with a diopping-funnel passing 
thiough a pcifoiated coik, and attach a clehveiy tube (oi use 
an oidinaiy test-tube with coik and deliveiy tube) Place p 
small amount of the metal in the tube and admit the acid fiom 
the diopping-funnel Aftei the air has been displaced, collecf 
the gas over water m a test-tube mveited in the pneumatic 
trough (or m an evapoiating-dish) 

If the gases in the generating tube lemam colored, mtrogen 
tetioxide is piesent If the gas is at first colored, but becomes 
colorless, nitric oxide is present confirm by admitting air to 
the tube m which it has been collected (To see color, look down 
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the tube) C?) Hjdiogcn, if hbeiated alone, would show neithei 
of these piopeities, but might be identified by its infiainmability 
(?) If both hydiogeii and lutiic oxide aie hbeiated, why may 
we not feel confident of being able to cause the foimci to bum 
when thus chluted‘i* How can the iiitiic oxide be separated 
(106 d 01 e) so as to leave the hydiogen in an inflammable con- 
chtion’ Examine the gas m each case foi these three substances 
If ammonia is foimed m any of these foui cases by complete 
reduction of the lutin acid, wheie will it be found, and in what 
condition? (Considei all the ciicumstanccs caiefully, oi you 
wiU answer wiongly ) Test foi its piesence (103 d) (’) 
Evapoiate on a water bath [Hood] the solution lemaimng m 
the side-neck test-tube after any one of these expcimicnts (’) 
Collect the residue and heat it in a diy test-tube (?) In what 
foim of combination was the metal (106)’ 
d Giasp a test-tube by means of a strip of folded paper (Fig 
8 , p 16 ) , place m it a piece of gianulated tin, and add some con- 
centrated mtiic acid (i*) When the action has exhausted itself, 
add much water and boil Fit a small filter paper carefully into 
a fvmnel Note 24 , p 10], collect the solid pioduct upon the filter 
and wash [Note 39 , below] precipitate and paper with watei 
Test the filtrate as it luiis through to see whether it becomes 
neutral (’) Inference’ Spread the filter paper with the pre- 
cipitate upon a water bath or rachatoi to dry and ascertain as in 
106 a whether the product is a mtiate (?) Why would the test 
in 106 g be unsuitable here’ 

e Comparing dilute and concentrated nitnc acid with the 
same forms of sulphuric acid, what points of resemblance and of 
chffeience have you observed’ 

Account for the differences m the actions of chlute and of con- 
centrated mtnc acid in c, d, and e, in respect to the gaseous prod- 
uct of reduction which is typical of each 
/ Dip a piece of wool in concentrated mtnc acid, or note 
the nature bf the products formed when the acid falls upon 
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the hands oi clothing (?) Would cotton behave in the same 
way’ Explain [E 350] Moisten the stained wool with am- 
moinuin liydi oxide (?) 

g To 1-2 c c of mtiic acid add 3-^ c c of puie, concen- 
trated hydiochloiic acid, waim gently, and note the ap]jear- 
ance and odoi (’) Will these acids, singly, attack all metals? 
Explain (’) What metals are attacked only by the mixture 
{oquo regm), and why’ What form of combination do the 
metals assume’ 

Note 39 — In filtoiing, observe the directions m Note 24, (p 10) To 
wash a precipitate fiist let the mother hquoi dram away completely 
and press the pieoipitite with a spatula Then cover the contents of the 
fimiid, including the whole paper (why?), completely (and repeatedly, if 
necessary) with the washing material Wlien the waslimg is complete, diy 
the product by piessiiig with diy hltci paper 

109 Nitrous Oicide 

a In a test-tube oi small flask provided with a coik and 
deliveiy tube (Fig 16, p 4b), place 10 g of ammommn mtrate 
Heat cautiously with a small flame [Cark*] and, after the an 
has been expelled, collect the gas m two bottles ovei watei 
(warm watei, if available Why?) Why does the gas collect 
so slowly, relatively to the vigoi of the action? What aie the 
relative volmnes of the products at 100°’ 

h Into one bottle lower a glowing sphnter of wood (?) 

c Into the other bottle lowei a deflagiating spoon contain- 
ing a veiy httle burning, red phosphoius (?) If this expeii- 
ment Avere to be conducted in a closed vessel, what, if any, 
change in pressure would be observed after the products had 
cooled? 

110 Nitrates 

a How does lead mtrate behave when heated’ What othei 
mtrates behave hke it? How does ammonium mtrate behave 
when heated? 

b Take 2-3 g of sodium mtrate m a hard glfifsa test-tube, 
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and heat strongly and persistently -with tire blast lamp until 
the evolution of gas ceases Test the escaping gas for oxygen 
Use the residue in 111 a What nitiatea behave in this way 
when heated? 

llY Nitrites and Nitrous Acid. 

a When the residue from 110 5 has cooled, add not more than 
3 c c of water, shake vigorously until the whole has dissolved, 
and divide into thiee paits To one portion add dilute sul- 
phuric acid (“i*) How could a nitrite be distinguished from a 
mtiate? 

h To 5 c c of starch emulsion add a drop of potassium lothde 
solution and some dilute sulphuiic acid, and then introduce a 
httle of the solution fiom a (?) 

c Dilute 1-2 c c potassium permanganate solution with a ' 
large excess of dilute sulphuric acid, and add a drop of this 
mixtuie to the solution from a (?) The actions m a, b, and c 
serve for the detection of iiitiites and nitrous acid What other 
characteristic pioperty of nitrites has been encountered (101 o)? 

d Examine now the solution obtained by leading mtrogen 
teti oxide into sodium hych oxide (106 a) Take a portion of the 
solution and acidify (test?) with dilute sulphuric acid (?) To 
the mixture add a drop of diluted potassium permanganate 
solution (?) 01 some starch emulsion containing a drop of potas- 
sium iodide (?) What substance was present? 

To asceitam whethei this alkalme solution contains a nitiate 
’ as well as a mtnte, the latter must first be ehmmated To the 
remainder of the alkahne solution, transferred to a small flask, 
add at least 5 g of ammomum chlonde [Hood] and heat to 
boilmg (?) Explain the evolution of anunoma (?). What 
other gas is given off (101 a)? When the action is entnely over, 
add about 10 c c of water, and shake Prepare 2-3 c c of a 
concentrated solution of ferrous-ammonium sulphate [Note 38, 
p 87] (or of ferrous sulphate), add to it 1-2 c c of the solution to 
be examined,* and complete the teat for a nitrate described m 
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106 g (?) Wnte now the equation foi the action of nitiogen 
tcti oxide on sochum hydi oxide 

112 Active (Nascent) State of Hydrogen Dilute two diops 
of potassium peimangaiiato solution with much water, and 
add an equal volume of dilute sulphuiic acid to it Divide 
into two parts Thiough one pass a stieaiu of hydiogen gas 
from a geiieiatoi, oi fiom the lahoiatoiy supply, or from a 
Kipp’s apparatus (‘^). To the second add some zinc dust, and 
shake C^) Intel pi et the lesult [R 360] ('’) 

113 Identifying an Unknown Substance I Obtain [Instruc- 
toi] a single, unknown sohd substance It wiU contain one 
of the following ladicals 

ammoinum sulphite pei chlorate 

ohloiido bisulphite nitiate 

bromide sulphate mtiite 

iodide biaulphate hydroxyl (biee) 

peroxide tluosulphate 

aulpbde chloiate 

The positive ladicals will be limited to NHi, Na, K, and Ga, of 
which only the hist is to be identified Record at the time the 
result of each observation Recoid negative results also 
a External Examination Record the state (’), ciystallme 
foiin C?), coloi (?), and odoi (’) 

b Solubility and Reaction of Solution Use a few particles to 
find out if it IS soluble m water (?) It m doubt, pioceed as m 
38 a Test also with litmus papeis (‘i’) 
c Effect of Heating Heat 0 5 g m a diy test-tube Does 
it melt (’) 01 otherwise change (?), and does it give off gas or 
vapoi? Note the odor (?) 

If WATER VAPOR IS givcn off and condenses (’), the substance 
may be a hychate, acid salt, or calcimn hydroxide Inchne the 
mouth of the tube downwaids, dnve all the water off, dry out 
the tube with filter papei , and continue heating Does it now 
change (?) or give off gas oi vapor? 
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If a SOLID SUBLIMATE appeals (?), what is it’ Note the ocloi 
(’) and apply the test foi the positive i nhcal (’) 

A COLORLESS GAS With ail ODOR (’) may be aiiimoma or sul- 
phui dioxide (’) 

A doLORLLss, ODORLESS GAS may be oxygen (test?) Which 
thiee of the above ladicals will give oxygen? What substance 
will remain, in each case, when all the oxygen has been diiven 
pff? Keep the tube and lesidue foi use in c 
A COLORED GAS may be mtiogen tetioxide (’) Iiifeieiice? 
d Action of Concent cded Sulphuuc Acid To 06 g of the 
substance add two oi thiee diops (not inoic) of coiiecntiated 
sulphuric acid (?) If a pale yellow gas appeals [Caution'] do 
not heat, as the gas (?) is explosive If no gas appears, waim 
gently (’) 

A COLORLESS 04.8 (bubbling) winch fumes iii the breath (?) 
Two possible souiccs (’) 

A COLORLESS GAS, NON-FUMING, With an ODOR may be hydio- 
gen sulphide oi sulphui dioxide One possible souice of former 
(?) and thiee of lattei (?) 

A COLORLESS GAS, NON-PUMiNG, ODORLESS may be oxygen (’) 
A COLORED GAS may be vapoi of iodine or of biomme (?) 
It may be miiogen tnoxide (?) If >ellow, it is ohloiine di- 
oxide (?) Infeience as to ladical (’) 

No GAS (no bubbling) indicates a sulphate oi a base (’) 
e To the lesidue fiom c, pai 5, add two oi three drops of 
,concentiated sulphuuc acid (?) What is the infeience if the 
gas is brown (’) and if it is coloiless, but fumes in the bieath? 

* / Conclusion In some cases the foiegomg expeiiments fail 

to distinguish between two possible radicals Apply special 
tests in these cases In each case, if a special test exists, con- 
firm youi conclusion by applying it 

g Repoit State your conclusion, with leasons therefor (’) 
h Obtain a second unknown, and pioceed as before (’I 
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114 Phosphine [Hood] 

a Place a very small piece of calcium phosphide m a little 
watei 111 a beaker (’) Tiy the reaction of the gas (not the 
liquid) with moist litmus papers (?) What mode of forming 
ammonia is similar to tins, and how is it similar? 

h Repeat, using dilute hydiochloiic acid instead of watei (?) 
What mode of foiming hydrogen sulphide is sunilar to this, 
and how is it siniilai’ In what ways does phosphine differ fiom 
ammonia [R 366]? Which of the ditteiences are shown in these 
experimeiitsl* Why should we expect ammoma and phosphine 
to be alike'? Test with litmus the water m which the calcium 
phosphide was placed (?), and explain 
116 Metaphosphonc Acid 

a Throw 2 g of phosphorus pentoxide, in minute portions 
at a time, into a beakei containmg 10 c c of cold distilled watei 
(?) Allow the hqmd to stand for a few nunutes, or until clear 
Test the liquid with litmus paper (?) What acid is present 
[R 368]'? Uso the solution for b and c and 116 a Why could' 
not the product made by buiinng phosphorus in a closed volume 
of an be used m this case? 

b To a pait of the solution fiom a add silver mtiate solu- 
tion, a little at a time, shaking between additions, until a per- 
manent precipitate (coloi*?) is formed C?) Is an action like 
this reversible? Is this action incomplete? To answer, add 
diluted (1 4 Aq ) ammomum hydioxide solution, one drop at a 
tune, observe whether the piecipitate increases* and explain 
120 
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The first action of 6 is a leaction of what ion? What other 
substances would give it? 

c. To 1 c c of albumin solution, add one or two drops of 
the solution from a [R 372] (?) This is a leactiou of the free 
acid »nly, and not of metaphosphate-ion 

116 Orthophosphoric Acid 

a Dilute the lemaindex of the solution of metaphonphoric 
acid from 116 a. with 10 c c of watei. Fit a small flask with a 
one-hole lubber stopper (oi peifoiated coik), and mseit a long 
' piece of glass tubing, to act as a condenser Boil the solution 
m this flask gently foi an houi oi more If necessary, add moio 
water to make up foi the loss by evapoiation Cool the solu- 
tion, treat portions of it with silver mtiate and with albumin, as 
in 116 6 and c, and answer the same questions How may the 
formation of this acid, during the boiling, be hastened [R 368]? 

Like all double decompositions, the one with silver mtiate is 
reveisible, and is therefoie incomplete Name the mteiactmg 
substances in the reverse action (?) To stop this leveise 
action, destroy the acid by adding ammonium hydroxide solu- 
tion one drop at a time, noting the effect, shaking, and examin- 
ing again What evidence is theie that the action now goes 
fuithei forward? 

Finally, add concentrated mtiic acid (?) Which way does 
the action now go? 

h Heat 1 g of led phosphoinis with 5 c c of dilute nitnc 
^cid in a test-tube (?) When the action has ceased, filter, if 
necessary, and drive off the water and excess of mtric acid 
” completely by evaporation [Hood] on a water bath Mix with 
a few drops of concentrated intiic acid the syrup which remains, 
and evaporate once more It is essential that aU the nitiic acid 
be finally removed (why?) Redissolve the syrup in water and 
test with htmus paper (?) 

Treat part of the solution with silvei mtrate as in 116 h, 
and answer the same questions (a black precipitate with silver 
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nitrate is metallic silvci, due to reduction by phosphorous acid 
[R 373] formed by incomplete oxidation) 

c Place m a test-tube 5 c c of the solution of ammomum 
molybdate in mtnc acid, add to it two drops (only) of the solu- 
tion of orthophosphonc acid prepared in b, and waim genPy (?) 
This IS a veiy delicate test for phosphoric acid, oi orthophos- 
phate-ion 

117 Phosphates 

a Take some sodium phosphate (secondary sodium ortho- 
phosphate) solution and test it with litmus paper (?) What* 
ions are present? Are acid salts always acid towaids htmus? 
If not, explain why they are not Explain also the actual 
reaction of this solution 

b To a very small pait of the sodium phosphate solution add 
silver nitrate solution until the precipitation is complete (?) 
What IS the precipitate (see 116 a and 5)? To confiim this con- 
clusion, test the reactions towards litmus of the sodium phos- 
phate (a), and silver nitrate solutions singly? Test the mixtuie 
with litmus paper (?) What ion is evidently formed, and what 
product is therefore present? 

c Prepare a little “magnesia mixture” by adding to 1 c c 
of magnesium sulphate solution a few drops of ammomum 
hydroxide and then excess of ammomum chloride solution 
Add to the rest of the sodium phosphate solution a little of this 
mixture (?) Scrape the walls of the test-tube, beneath the 
liquid, with a glass rod (?) In making the equation, disiegaid 
the ammomum chloride, which is added only to prevent pie- 
cipitation of magnesium hydioxide This is another test for the ' 
presence of what ions? 

d Strongly heat [Blast-lamp] 2 g of dry sodium phosphate 
m an open crucible for twenty minutes, or until no fmthei 
change is observed (?) Dissolve the cold mass in water (it 
dissolves very slowly), and test a portion of the solution with 
Bdvei mtrate solution (?) This is a leactiomof what ion? 
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Take the remaindei of the solution, libeiate the acid (?) by 
adding acetic acid, and intioduce a few diops of the hquid into 
a solution of albumin (?) 

Malm a table showing the effects of the thiee phosphoiio 
aeida upon albumin and the coloib of then silvei salts How 
could you identify salts of the thiee acids? 

e Heat strongly [Blast-lamp] 2 g of raiciocosmic salt as 
in d Note the odor (?) and reaction towaids moistened htmus 
papei (?) of the vapois given off Dissolve the lesidue m cold 
watei and use the tests tabulated in d to learn what salt has 
been foimed 

/ Make a bead on a straight platinum wue as in 2 c, using 
nuciocosmic salt instead of boiax Of what must the bead 
consist? Now fuse with it (2 d) a inuiute particle of cupric 
oxide (?) 

What drffeience do youi expenments show as to the lelative 
stabilities of NaPOa, NaNOs (HO 6), and KCIO,? 

118 Halides of Phosphorus 

a What weie the actions of watei on the tiibiomide (64 b) 
and tii-iodide (68 b) of phosphorus? 

b Place 2-3 c c of phosphorus tiicblonde in a dry test- 
tube and blow the bieath over the tube (?) Add water drop 
by diop (?) until about 5 c c has been used, then boil the solu- 
tion (Fig 8, p 16) Test the vapoi with htmus papei (?) 
and ivith a lod dipped m ammonium hydroxide (?) Evapo- 
' late [Hood] the solution to a syiup on the watei bath (?) 

c Tiansfei’ pait of the syrup fiom 6 to a small test-tube and 
heat until the gas evolved may be iginted at the mouth of the 
tube (?) Note the odor of this gas before igniting it (?) 
Continue heating until the action is ovei Ascertain accordmg 
to 117 d which of the phosphonc acids constitutes the residue (?) 

d Dilute 1 c c of potassium iodide solution with water and 
dissolve m the liquid a crystal of iodine Add to this solution 
a httle ot th(? syrup from b, and shake (?) 
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e Place upon a watch-glass 5 oi 6 small granules of phos- 
phor us pentachlonde and blow the breath over them (?) 
Throw them rnto 2-3 c c of water rn a test-tube (?) and borl 
Test the solution wrth Irtmus (?) To a very small part of the 
cold solution add excess (test?) of silver mtrate solution '■(?) 
Filter What remams upon the paper (?) ? To the filtrate add 
diluted (1 4 Aq ) ammomum hydroxide one drop at a time 
(shake between diops) (?) 
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OXIDES OE CARBON HYDROCAlRBONS 

119 Carbon Dioxide by Oxidation 

a Fit a haid glass test-tube with a coik and L-tube Mix 
intimately in the moitar 2 g of pulvoiized cupiic oxide with 
OSg of pul veiized wood chai coal and place in the tube Clamp 
the test-tube in a hoiizontal position, and let the L-tubc leach 
to the bottom of a test-tube containing liinewatei Heat the 
powder peisistently [Blast-lamp] and let the gases pass through 
the hmewatci (’) Examine the residue by lubbing vigorously 
undei watei in the mortar and washing away the hghtei 
particles (?) What piopeity of caibon is heie illustrated? 
What important industrial processes depend upon this sort of 
leaction? 

b Mix 2 g of htharge and 2 g of charcoal, and test as in a, 
usmg, howevei, only a Bunsen burner foi heating (‘i’) Answer 
the same questions (?) 

120 Carbon Dioxide, Preparation 

a Place a few small pieces of magnesite (magnesium car- 
bonate) m a hard glass test-tube fitted with a coik and L-tube 
and heat strongly Pass the gas thiough 5 c c of hmewater 
in a test-tube (?) What is the lesidue [R 525]? 

b Fit up a generating-flask (Fig 10, p 22) and connect with 
two wash-bottles (Fig 23, p 89) containing water and con- 
centrated sulphunc acid, respectively (what is the use of each 
of these'i’ The latter is unnecessary if 122 is omitted) Place 
m the flask some pieces of marble and pour upon them diluted 
hydrochlonc,acid Collect the gas m three bottles by upward 
displacement of air, and cover them with glass plates. 
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What substances could be substituted for marble m this 
expeiiment'^ What other souices of carbon dioxide have been 
encounteied (14 c, 119, 120 a, see also 123 a and c, 126 h, 
126 b, 131 h)’ 

121 Carbon Dioxide, Properties 

a To one bottle add a httle watei, close tightly with the 
hand, and shake (?) Is the gas soluble in watei , oi nof^ 

Use the second bottle to compare the weight of the gas with 
that of an Employ baryta-watei as a test 

h Set an empty bottle (filled with an) over the remaining 
full one, and mouth to mouth with it, and withdraw the plate 
Aftei ten imnutes, replace the glass plate between the bottles, 
lemove the uppei bottle, along with the plate, and set it upright 
upon the table Slip the plate aside foi a moment, add some 
limewatei, leplace the plate, and shake (?) Did the gieatei 
density of the carbon choxidc prevent its diffusing into, and 
displacing a part of the an? What are the relative rates of 
diffusion of air and caibon dioxide? 

c Take two test-tubes containing distilled water, pass a cur- 
rent of the gas into one, to saturation, and test each with litmus 
papei (?) Boil the solution, and test again with litmus (?) 
Explam 

d Lead the gas into a httle sodium hydroxide solution in a 
test-tube until the solution is saturated (test? Note 37, p 86) 
Let the solution stand until it dries spontaneously (first lesiduc) 
Heat the diy lesidue (?) in a test-tube, and determine what two 
things are given off 

To this residue after heating (second residue) add dilute 
hydrochloric acid until all action (?) ceases Evaporate the 
solution on the water bath, and examine and taste this final 
lesidiie (?) Having recognized the products of the last action, 
and taking into account the preceding observations, state what 
the nature of the second and first residues must have been (?) 
Wnte equations for all actions (?) 
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122 Molecular Weight of Carbon Dioxide [Quant ] 

Determine the weight of a measured volume of the gas by 

the method used foi sulphui dioxide (84'), and calculate the 
weight of the gram-inolcculai volume (’) "What further infor- 
mation must we have to enable us to deteimiue the foimula? 

123 Carbon Monoxide [Hood] 

a Heat about 10 g of oxalic acid ciystals with concen- 
tiated sulphuiic acid in a generating-flask (Fig 10, p 22), and 
"fill a bottle ovei water with the gas which is given off Shake 
with limewatei (’) With what substance should we wash 
the gas to lemove the caiboii dioxide? Aiiange a wash-bottle 
to purify the gas Fill two bottles with the purified gas ovei 
watei Test one with limewatei again (?) If the gas is pure, 
bum that in the othei bottle, add limewatei at once, close 
quickly, and shake (?) 

6 Devise a way of ascei taming loughly the lelative volumes 
of the two gases generated in a, and raeasuie the piopoition in 
a test-tube full of the mixed gases 

c Pass a stieam of the puiified caibon monoxide ovei a 
little pulverized cupric oxide, heated in a boat in a haid glass 
tube (?) What gas is formed? What lemama in the boat’ 
What IS heie the reducing agent? 

124 Molecular Weight of Carbon Monoxide [Quant ] Obtain 
[Stoieioom] a lound-bottomed, 250 c c flask Fit it with 
a rubber stopper thiough which passes a shoit, straight tube 
’Attach to the lattei a shoit piece of lubbei tubing closed 
with a stiong pmch clamp Make a mark on the neck at 
the bottom of the stopper, so as to be able to measure the 
exact content of the flask up to the stopper Place 30 c c of 
watei in the flask, inseit the stoppei, remove the clamp, and 
boil the water with a small flame for about five minutes, so as 
to diive out all the an Close the lubbei tube with the clamp 
and remove the flame qmckly, wipe the flask and allow it to 
cool When rb has assumed the temperature of the air, weigh 
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the whole caiefully, suspending the flask on the balance by a 
thiead tied lound the neck (?) Connect with the appaiatus 
delivering pme carbon monoxide, and open the clamp a veiy 
little so as to admit a slow stream of the gas When the flask 
IS full, close the clamp, disconnect from the generating appara- 
tus, open the clamp foi an mstant to lestoie the pressure to 
that of the atmosphere, and weigh again (2) The gam in weight 

lepiesents the weight of the caibon monoxide Read the 
baiometer and thermometer (’) Subtract fiom the barometric , 
reading the aqueous tension at the observed temperature 
Asceitam the volume of the flask by filling with water to the 
maik fiom the graduated cyhndei 
Calculate the weight of the G M V of the gas (0 
To what class of gases would this method of determimng the 
density and moleculai weight be applicable? Why could ncit 
this method be used for caibon dioxide? 

126 Methane (Marsh Gas) 

a Pulverize about 5 g of fused sodium acetate and about 
20 g of soda-lime (a mixtuie of quicldime and sodium hy- 
di oxide) Mix the ingredients mtunately m the mortal, and 
place in a laige test-tube fitted with a one-hole cork and deliv- 
eiy tube (Fig 9, p 17) Rap the test-tube gently so as to form 
a space for the passage of the gas Then clamp the tube close 
to the coik in a slightly mohned (5°) position, so that it slopes 
toward the mouth (why?) Shp over the tube a cylinder of 
wne gauze, and, begmmng at the real oi sealed end, heat the 
contents gently until the evolution of gas is uniform When 
all the an is displaced, collect one bottle of gas over water 
Attach a small nozzle to the end of the dehvery tube and 
Ignite the gas Note the color and degree of luminosity of the 
flame (?) Hold over the jet a dry inverted beaker and observe 
one product of the combustion (?) 

b Hold the bottle containing the gas mouth downward 
and apply a hght (?) Qmckly pour into the botCle some lune- 
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watei, and shake (?) What volume of oxygen is lequned for 
the complete combustion of one volume of methane, and what 
latio will the resulting volume of gases beai to the oiiginal 
volume of methane, at 0° and at 100°, lespectively? 

126 Ethylene piood] 

a Fit a 250 c c flask with a doubly-bored coik, thiough 
which pass a dioppmg-funnel and L-tube Attach a ga-:- 
washing bottle contammg a little watei, and connecL an L- 
"shaped delivery tube Test the appaiatus to see thal it is 
an -tight Place in the flask about 20 g of phosphoius pcil- 
oxide, and clamp it to a iing-stand ovei a sand bath Iiil loducc 
into the bulb of the dropping-funnel (or substitute, 36 6) some 
alcohol Finally, heat the phosphoiic anhydiide, and adinir, 
the alcohol drop by diop 

b FiU a bottle with the gas over water and apply a light < ’) 
Quickly pour some limewater into the bottle, and shake (‘^) 
Attach a nozzle to the exit tube of the washing bottle and laise 
the other tube clear of the watei in the washing-bottle i,\\hy’;, 
Ignite the gas, and observe the luminosity of the flame \\ ha I 
commeicial use has ethylene [E 396]? Hold a cold, dn beakci 
over the flame (2) What are the products of complcio com- 
bustion of all hydrocarbons^ 

c Detach the nozzle, reattach the delivery tube to the exit 
tube, and lower the other tube of the washing-bottle once mon' 
Place 1 c c of bromine [Caution!] m a test-tube, covet it wiUi 
5 0 c of water, put the test-tube mto a beaker filled witn cold 
, water, and allow the gas to bubble mto the bromine When 
the color of the biomme has disappeared, examine the contems 
of the test-tube (?) Is the product colored? Is it soluble' in 
water? What do you infer as to its specific gravity? Detach 
the dropping-funnel, wash it out, and place in it the contents 
of the test-tube Draw off the lower, ody layei into div 
test-tube and note its odor (?) Try its solubihty m alcohol (°'i 

d Why IS t£e accepted formula for ethylene preferred to the 
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simplest? What volume of oxygen would be reqmred to bum 
one volume of the gas completely? What would be the relative 
volumes of the pioducts at 0° and 100°, respectively? What 
volumes of bioinine vapoi and ethylene would be required for 
complete combination, and what would be the relative volume 
of the product (in the state of vapor)? 

127 Acetylene 

a Fill a test-tube with water and invert it in water m an 
evaporatmg-dish Introduce a small piece of calcium carbide 
under the mouth of the tube (?) Test the watei with htmus 
(?) Bring a light to the mouth of the tube (?) Note the 
luminosity of the flame, and compare with flames of methane 
and ethylene (?) 

h Can you state a general method for making hydndes of 
non-metals (such as C 2 H 2 , PHi, NHj)? Can SH;, [R 526] and 
CIH [R 688] be formed similarly? 

128 Flames 

a Unscrew the tube of the Bunsen burner, turn on the gas, 
and light rt (?) Turn off the gas and replace the tube Make 
a drawing of the vertical section of the burner through the feed 
pipe (?) 

Light the gas again and hold one side of the evaporating 
dish, first in the non-luminous flame and then m the lummous 
one (?) Which substance causes the hght (?), and how? 
Why does this substance remain for a time suspended in the 
flame, instead of burmng at once? 

6 Hold a splint across the luminous flame close to the 
bottom, and examine the wood (?) Inference (?) Repeat 
with the non-luminous flame (?) Why is the interior of the 
flame cold? 

c Is any gas entering or escaping from the holes at the base? 
To answer this, light a splint, blow the flame out, and hold the 
smoking end close to the holes (?) Confirm Iry scattenng a 
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very small amount of pulveiizcd calcium caiboiiate on a piece 
of papei , and shaking it off so that it falls past one hole, Ob- 
seive the flame (?) 

Hold, the buinei up and blow a sudden puff of air towards 
one of the holes (?) What is the effect of inci easing the supply 
of an? 

d Light a taper and a splint Blow out the flame of the 
taper and instantly apply the flame of the splint to the ascending 
‘Asmoke” C^) Repeat, noting whcthei the tapei can be re- 
lighted at a distance from the wick (?) Explain Is the flame 
of a tapei a gas flame oi not? 

e Pulverize a few particles of potassium sulphate Take a 
small Bunsen flame and i educe the supply of an until a small 
luminous legion appeals Heat the platinum wire, touch the 
salt with it, and hold the adhering powder steadily in the lumi- 
nous pait After a minute or two, withdraw the bead, place it 
upon a clean silvei com and moisten with a diop of watei (?) 
Explain the lesult What aie the reducing agents used here? 
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129 Starch and Glucose 

a Shake about 0 5 c c of starch with 20 o c of water and 
then boil (?) Add a few drops of the liquid to 5 c c of Peh- 
Img’s solution” and waim the latter (?) Does starch change 
Fehling’s solution? 

Place thiee-fouiths of the lemaming staich suspension in 
a flask, set it on the wiie gauze, add 5 or 6 diops of concentrated 
hydiochloric acid, and boil gently foi ten minutes 

& While this IS going on, cool the rest of the starch suspen- 
sion m running watei and pour it into a beakei full of cold 
water Add one drop from 5 c c of a solution of potassium 
lochde in which a single crystal of iodine has been dissolved (?) 

c Cool the contents of the flask (from a) and add sodium 
carbonate solution diop by drop, shaking between diops, and 
touching the edge of a piece of htmus papei with a glass 
lod dipped m the liquid, until the hqmd gives a faint alkaline 
reaction 

Now add a few drops of this hquid to 5 c c (measured) of 
Fehlmg’s solution and warm the latter [R 404, 507] (?) Add 
more of the liquid, boil again, and continue until the blue coloi 
is gone It takes 0 005 g of glucose to reduce and decolorize 
1 c c of Fehhng’s solution What amount of glucose was con- 
tained in the part of the hquid you added? 

* No 1 89 3 g ol CuS 04 , 5 Hj 0 with water to make 1 liter No 2 360 g 
Rochelle aalt and 100 g sodium hydroxide with water to''mafce 1 hter Mix 
equal volumes (measured) just before use 
132 
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130 Sucrose 

a Dissolve about 0 6 g of suciose (oidmaiy sugai) in 20 c c 
of water and lepeat 129 a and c with this liquid Does suciose 
1 educe Fehling’s solution? Do acids hydiolyze it to give 
glucose^ 

b Dissolve about 0 5 c c of molasses in water and test foi 
glucose as in 129 a, par 1 (?) 

c Tabulate the physical and chemical propcities of starch, 
glucose, and sucrose sepaiately as follows coloi (?), solubility 
(?), action on Fehlmg’s solution (?), action of dilute acids (’) 

131 Ethyl Alcohol 

a Dissolve 20 g of glucose syrup in 150 c c ofwatci Bieak 
up a piece of yeast and add it to the syiup Fill a flask (oi 
bottle) to the base of the neck with the mixtuie, plug the mouth 
of the flask with cotton, and set the whole aside in a waim place 
foi 3-4 days 

Fit to the flask a 1-hole stoppei, L-tube, and lubber tube 
terminating in a stiaight glass tube Take 15 c c oflirnewater 
in a test-tube, insert the glass tube to the bottom of this, and 
shake the fermented hquid in the flask (?) Note the gas 
evolved and its leaction with limewatei (?) In what form of 
solution was the gas before the shaking [E 133]? 

Filter the liqmd and place it in a largei flask, fitted with a 
cork and L-tube, and connect (Fig 19, p 62) with a condensei 
[Stoieioom] Distil off about 50 c c Place the distillate in a 
ch§tiUing-flask [Stoieroom] fitted with a therinometei, connect 
with the condensei , boil with a small flame, and catch the part 
which passes over between 75° and 93° 

b Note the odor of the distillate (?) Test it with litmus 
papers (?) Saturate a tuft of asbestos wool with the liquid, 
set the tuft on the base of the stand, and apply a light (?) 
Hold a cold, w-m bottle over the flame, to recognize one 
pioduct (?) Close the bottle and test the gas in the bottle by 
shaking with hnvswatei (?) Make the equation foi the com- 
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bustion (?) If you burned alcohol vapoi and pure oxygen, 
what relative volumes should you use, and what relative vol- 
umes of the pioducts (measuied as gases) would be foimed? 

c To a few diops of the alcohol add 1 c c of sodium hydroxide 
solution Pulverize one or two (not more) ciystals of iodine, 
add a pait of the powder to the mrxture, shake vigorously, and 
warm (?) The amount added must not be sufficient to give 
a peimanent brown tint to the liquid The piecipitate is 
lodofoim CHI 3 (related to chloroform CHCI3) 
d Summarize the observed physical and chemical piopef- 
ties of alcohol (?) 

132 Acetic Acid 

a To 1 g of sodium acetate add some dilute sulphuric acid, 
and waiin Note the odor (?) How could you use this action 
to make acetic acid? How is it manufactured [R 407]? 

b Take 5 c c of acetic acid Test with litmus paper (?) 
Recall its interaction with zinc or iron (16 e) (?) To the acid 
add 3-4 g of litharge and boil gently foi a few minutes (?) Fil- 
ter, if necessary, while hot, and set the clear solution aside to 
ciystallize (?) What is the common name of the product [R]? 

c If, in 129 a, acetic acid had been used m- 
stead of hydrochloric acid, what modification in 
the directions would have been necessary? 

133 DistiUatlon of Wood 
a Take three-fourths of a hard glass test-tuiie 
full of sawdust and wood chips Arrange the 
apparatus as m Fig 29 The test-tube is irr- 
clined slightly downwards towards the mouth 
The wide test-tube, m which the distillate is to 
be caught, is surrounded by cold water, and a 
nozzle is inserted in one of the holes in the stop- 
per Heat the contents of the test-tube, at first gently, and 
later strongly, until no more vapors are evolvpd 
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Dunng the heating, set fiie to the issuing gas (?) Is the 
flame luminous, oi not? Compounds of what element must be 
present? 

Exanmie the condensed liquid What liquid oi liquids are 
seen? » Test the liquid with litmus papeis (?) What dissolved 
substance causes this leaction [R Wood, 408 Coal, 410-411]? 

Examme, desciibe, and name the residue in the haid glass 
test-tube (?) Name five obseived pioducts fiom distilhng 
wood (?) 

' b Place a small piece of chaicoal in a test-tube half full of 
water (?) Now hold it undei the watei with the leveise end 
of the file, and boil the watei foi several minutes (?) When 
the whole has cooled, test once moie the tendency of the cbai- 
coal to float (?) Explain 

c Boil dilute solutions of litmus and indigo, sepaiately, with 
pulveiized animal chaicoal, and filtei each liquid (?) The 
activity of the charcoal is much increased by previous heating 
m a covered cmcible 

134 Coal 

a Repeat 133 a, using bituminous coal Test foi hydrogen 
sulphide in the coal gas by holding a piece of filtei papei, 
moistened with lead acetate solution, in the unlighted gas (?) 

Name six obseived pioducts from distilling coal (?) 

b Coal Analysis [Quant ] Weigh a dry poicelain crucible 
and hd or cover (?) Place m it 1 g of coal and neigh again (?) 
^et the crucible, uncovered, in the an -bath at 105° for exactly 
one hour Cover the crucible and, when cold, weigh it again 
<(?) The loss in weight is the “moisture” [R 409] Calculate 
the per cent of moisture (?) 

Now place the ciucible, covered, on the clay triangle, about 
fom inches above the mouth of a Bunsen burner Heat it foi 
eight minutes, in such a way that the flame heats the sides as 
well as the bottom of the crucible Allow the ciucible to cool 
(while covered)* and weigh again (?) The loss m weight is 
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“volatile matter” Calculate the peicentage of this m the 
onginal coal (?) 

Finally, replace the ciucible, without cover, m a slanting 
position on the clay triangle, and heat once more Heat care- 
fully, at fiist, to avoid loss by deciepitation and ejection of 
paiticles The complete burning of the “fixed caibon” may 
take seveial houis When only a hght-coloied ash lemains, 
covei the ciucible, allow it to cool, and weigh agam (?) Cal- 
culate the peicentage of fixed caibon (?) and of ash (?) 

Calculate the taloiific powei in B T U * as follows 
B T U = (% fixed caibon X 14,670 AY)/m, 
where V is the per cent of volatile matter and A vanes with V 
as follows 

V = 2-15 % A = 23,400 V = 30-35 % A = 17,100 

7=15-30% A = 18,000 7 = 35-40% A = 16,200 

* The oalonfio power la reckoned by engineers in Bntish Thermal Umta, 
1 B T U being the heat requiied to laiae one pound of water 1° F Dividing 
the number of B T U by 1 8 gives the number of oalonos per 1 g 
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136 Formation and Hydrolysis of an Eater 
a To 2 g of sodium acetate in a test-tube add 2 c c of ethyl 
alcohol and 1 c c of concentrated sulphuiic acid Agitate for 
a minute or two, waim veiy slightly (do not boil'), and note the 
odor [R 413] (’) This is a test foi acetic acid oi an acetate 
b Repeat, using amyl alcohol instead of ethyl alcohol (?) 
c Place 10 c c of watei in one test-tube and 0 5 c c of methyl 
acetate CH8(C02CH3), an estei, in another Test each with 
blue litmus paper {’f), then mix and test again [R 414] (?) If 
the icsult IS not definite, wait a few minutes and test the mixture 
once moie (?) 

136 Soap and Its Properties 

a Mix in a test-tube 5 c c of cold, satuiated sodium hydrox- 
ide solution and 5 c c of alcohol, shake, and allow to settle 
Pom off the upper, alcoholic layci into anothei test-tube, add 
to it an equal volume of fat oi cotton seed oil, and shake (?) 
Put the hquid into an evapoiatmg dish on the wiie gauze and 
^t file to the contents Waim the dish with a very small flame 
to assist in driving off the alcohol Stir until the flame goes 
out, and then stop heating The pasty mass is soap, mainly 
sodium stearate and sodium pahnitate [R 412], mixed with 
glycerine Write an equation (?) Rub a httle with watei on 
the hands (?) 

The alcohol is used simply as a comm'on solvent for the fat 
and the alkah and is employed in the laboratory experiment 
to save time. * 
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b Dissolve the soap from a in a little warm distilled water and 
cool To one-fourth of the solution in a test-tube add hydro- 
chloiic acid and shake vigorously [R -±15] (“?) 

To show that the precipitate is an acid, withdiaw it by means 
of a glass rod, suspend it in 10 c c of watei in another test-tube, 
add a few diops of sodium hydi oxide solution and heat until 
solution takes place Write the equation (?) 

To what class of substances does b show soap to belong? 
c To another quarter of the soap solution add calciumr 
chloiide solution (?) Explain the action of haid watei [R 415] 
on soap solution 

d To the lemamdei of the cold soap solution, add sodium 
chloiide solution C^) This is called “salting out’’ [R 415], and 
is a case of coagulating a colloid [R 417] To what class of solu- 
tions does this show soap solution to belong? 

137 Colloidal Suspensions 

a Shake some arsemc tiioxide with 25 c c of cold water 
vigoiously foi seveial minutes, filtei, and to the filtiate add an 
equal volume of hydiogen sulphide solution Arsemous sul- 
phide AsaSa is formed, but remains m collordal suspension 
b Pour the suspension fiom a into a squaie bottle, and 
examine it in sunlight, or, better still, by holding it close to an 
incandescent bulb Look first through it towards the light (7) 
Does it appear to be transparent and clear, or no? Now look 
at it from a position at light angles to the direction of the light, 
and answer the same question (?) With a microscope, the 
pai tides in such solutions can be perceived, individually [R 416] r 
c Divide the suspension from a between 5 clean test-tubes 
Keep one, coiked, for reference To one add sodium chloride 
solution (?), to another dilute hydrochloric acid (?), to the thud 
calcium chloride solution (’), dissolve a little sugar m the fourth 
(?), and observe them from time to time Note which coagu- 
lates last (7) 

The positive ion is here the coagulating agent How does 
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valence affect coagulating, power? Do non-ionized, non-col- 
loidal substances like sugai pioducc coagulation i* 

After a day oi two, does the aisenious sulphide iii the lefer- 
ence test-tube coagulate oi settle of its own accoid? 

d Dissolve a single paiticle of losm mice of alcohol 
Add the solution to a test-tube full of watei (?) Examine in 
the light as in b (^) Cork and keep, to see whether settling 
takes place (’) 

, e Summarize the special properties of colloidal suspen- 
sions (’) 

/ Boil 300 c c of distilled (or soft) water m a laige beakei, 
and add to it, a few drops at a time, 3 c c of feme chloride 
solution The salt is thus somewhat hydrolyzed and contains 
suspended feme hydroxide Fe(OH )3 Coloi’ 

[famine this suspension in the light as in b (?) 

Take 5 test-tubes full of the dialyzed liquid, keep one for 
reference, and add to each of the others a veiy dilute solution 
(0 1 N) of one of the following coagulants sodium chloride, 
sodium sulphate, sodium caibonate, calcium chloiide This col- 
loid IS coagulated by the negative ion Note the amount and 
time required in each case (?) What is the effect of valence? 
138 How Soap Cleanses 

a Place 1 c c of keiosene in one test-tube and 1 c c of cotton 
seed oil m anothei Add about 10 c c of water to each, shake 
vigorously, and place in the rack (?) Is a permanent emulsion 
fo'imed? 

, Now add to each 2 c c of soap solution (ivoiy soap Aq 1 
10) , shake again, and observe as before (?) 

h Boil 200 c c of water m a flask Satuiate the test-tube 
brush with feme oxide (pulveiized) suspended in cotton seed 
oil (6 g 100 c c ) [Instructoi] and push it into a test-tube 
Add about 16 c c of the hot water, and woik the brush m the 
tube (?) Does Ijot water aldhe remove the feme oxide and oil? 
Remove the brush, pour out the water, place 15 c c of hot 
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soap solution in the test-tube, and work the brush m the tube 
as bcfoie (?) Remove the brush, pom the contents of the test- 
tube into a 100 c c beaker, and iinse first the brush and then 
the test-tube with hot water, catching the rmsmg-water^in the 
beakei Have the oil and rust been icmoved from the brush? 

After a short tune, examine the contents of the beaker (?) 
Where is the oil (?) and m what condition? Where la the rust 
(?) and is it free from oiP 

Explain how soap solution lemoves grease oi oil from a large 
object 01 a powdei (?) 

139 Tests for Food Components 

a Starch Place watei in a test-tube, add a pinch of starch, 
shake, and boil (?) How does the staich change? Cool the 
suspension in i mining water, and when it is cold (not before), 
divide it into two parts and to one add a diop of the solution of 
iodine in potassium iodide (?) Keep the other half for use in c 

b Take anothei pinch of chy staich, and add to it a few 
drops of the iodine solution (?) Tabulate the results of a 
and &, as well as those of c, d, e, /, and g, as follows 

Food Componunt Rbaqbnt or Treatment Result 
Staich (suspension) loduie sol ? 

Starch (grams) lodme sol ? 

c Glucose Shake about 0 5 c c of glucose in 6 c c of water 
Add § c c of Pehhng’s solution (p 132, footnote) and boil (?) 

d Lactose {milJc-sugar) Repeat c with about 0 5 c c Cf 
milk-sugar (?) 

e Maltose fioin Starch To 5 cc of the starch suspension 
prepared in a (which itself gives no reaction with Fehhng’s 
solution, 129 a), add about 1 c c of saliva, mix, and set aside 
for fifteen minutes Then add 5 c c of Eehhng’s solution and 
boil (?) How was the maltose produced [423]? 

f Protein To a few particles of egg albumin, add a few 
drops of concentrated mtric acid (?) Add some water to wash 



off the acid, and pom away the liquid, leaving the solid lesidiie 
To the latter add a few diops of aininomuin hydioxido (?) 
Repeat with a swap of woolen yam (?) Account for the effect 
of lutiic acid on the skin and nails (i*) 

g Fat Place on small pieces of uuglazed papei (1) a pai- 
ticle ot fat, (2) a diop of cotton seed oil, and (J) pait of a ci ushed 
almond, put them in the evapoiating thsh, and waim gently 
until the fdt melts Examine the papers (*'’) 
h E'camination of a Food Rub a small piece of raw meat 
in the moitai with a little water until the color is lemoved 
Then apply to portions of the meat the tests in a foi starch (?), 
m / for protein (?), and m g foi fat (’) 
g Take a small piece of sausage and apply to portions of 
it the tests in a, f, and g If the icsults of a and / aie not 
definite, dissolve away the fat by shaking the fragments of 
sausage w:th caibon tetrachloride, and try a and f again with 
the residue (?) 

140 Food Components of Milk 

a Heat 50 e c of milk to boiling in the evapoiating dish 
With a glass lod, fish out the skin which toims on the surface 
and transfer it to a test-tube Apply to it the test in 139 / for 
protein (?) Name the substance [R 422]? 

To the inilk add three oi four diops of acetic acid and stir 
(?) How IS this lesult to be classified? What sort of sub- 
stances cause milk to cuidle? What is the- connection with 
‘.‘sour milk”? Filter the acidified imlk and test the residue on 
the fUtei for piotein (?) 

' b To 5 c c of the filtrate add 5 c c of Fehhng’s solution, 
and boil (?) Wliat is shown to be piesent (139 d)i 

c To 5 c c of the filtiate from a add iodine solution (?) 
Foi what food component is this a test? Is it piesent? 

d Put a few drops of unboiled milk on a piece of unglazed 
paper and heat as in 139 (?) Result? 

e. Which food components have you found m milk? 
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/ Preservative — Formaldehyde To 5 c c of milk in a test- 
tube add an equal volume of water and, by means of a glass lod, 
one drop (not moie) of foimaldehyde solution (1 %) and shake 
Take 5 c c of conceiitiated sulphuiic acid and add to it by a 
glass lod one drop of feiric chloiide solution Now held the 
test-tube of imlk almost, but not qmte vertical, and pour the 
sulphuiic acid m a continuous stream down the side of the tube 
so that it may go to the bottom and form a layer under the milk 
What coloi appears wheie the liqmds meet (?) Repeat with 
diluted milk free fiom formaldehyde (?) 

141 Pood Components of Flour 

a Take about 10 c c of flour, make it into a dough with 
watei, and then place it iii a small piece of cheese cloth Bnng 
the corners together and with a thread tie the cloth so as to 
inclose the dough m a bag 

Knead the bag in watei m the evaporating dish so long as 
the hquid squeezed out appears to be moie milky than that 
in the dish Then poui the milky hqmd into a beaker to 
settle Take fiesh watei, and continue the kneading, until 
the milkmess almost ceases 

Open out the cloth and wash the contents in lunning water 
until the wash-water is no longei milky 
h Test poitions of the residue in the cloth for starch (?), 
glucose (?), and piotem (?), and record the results (?) 
c Test a pinch of the dry flour for fat (?) 
d Pour the watei away from the sediment in the beaker 
from a and test portions of the solid for starch (?), glucose (?), 
and piotem (?), and record the results (?) 
e. Summarize the food components found in flour (?). 
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142 Silica Mix 1 g of finely powdered silica with 4-5 g 
of anhydrous sodium carbonate Coil the platinum wire to 
watch-spring foim and, by alternately heating in the Bunsen 
flame oi blast-lamp, and dipping in the raixtuie, obtain a large 
bead and heat it ationgly till aU action (?) seems to have ceased 
Place the bead m a test-tube and make otheis by the same 
piocess Dissolve the beads in a small amount of watei Add 
hydrochloric acid a diop at a time until the solution is stiongly 
acid (?) Evapoiate the solution to diyness on the sand bath 
(?) Tieat the lesidue with waim water, wash the whole 
contents of the dish into a test-tube, and examine (?) 

143 Analysis of a Silicate Mix diy potassium carbonate 
with anhydrous sodium caibonate in equal pioportions m a 
moitar Coil the platinum wne to watch-spimg form Mix a 
little powdeied talc (is this soluble in water? What is its com- 
mon name?) with 6-7 times as much of the “fusion mixture,” 
and hold some of the result on the platinum wire in the flame of 
'the blast-lamp till it is completely melted and all action (?) 
has ceased Repeat till several beads are obtained Treat the 

' beads with bodmg water m a test-tube until they are com- 
pletely disintegrated Filter through a small filtei paper and 
wash the precipitate with watei Preseive this filter paper 
and precipitate for use latei Acidify the filtrate with concen- 
trated hydrochloric acid and proceed as in 142, last two sen- 
tences (?) 

Make a hole in the paper and wash the precipitate obtamed 
143 
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above into a test-tube Add dilute hydiochloiic acid, and 
warm (?) Filter, if necessary, and add ammonium hydi oxide 
to alkaline leaction (?) The piecipitatc is alumimum hydrox- 
ide Boil and filter To the filtiate add a few diops of ammo- 
nium hydroxide, some ammonium chloride solution, and some 
sodium phosphate solution, and stir with a glass rod (?) Com- 
pare 117 c 

144 Silicon Tetrafluoride Mix intimately 1 g of pulverized 
calcium fluoride with an equal weight of sand, place in a 
test-tube, and moisten the mixtuie with concentrated sul-' 
phuric acid Apply a gentle heat (?) Hold a glass rod, with 
a diop of water at its lower end, in the gas and examine the 
lod (?) 

146 Boric Acid 

a Pulverize some borax and make a strong solution in 
boihug water Add concentrated hydrochloiio acid until the 
solution IS stiongly acid, and set aside to cool (?), Filter off 
the crystals, wash with a few drops of cold water [Note 39, 
p 116], and diy Dissolve the crystals m the smallest possible 
amount of boiling watei, and set the solution aside (?) Filter, 
and wash the ciystals as befoie 

b Dissolve a part of the crystals in hot distilled water 
Test this solution, and a sample of the distilled water, simulta- 
neously with litmus paper (?) Dip a strip of turmeric paper 
in the same solution, wrap it lound the upper part of the test- 
tube, and boil the solution until the paper is dry (?) Touch- 
the papei with a glass rod dipped m sodium hydroxide solu- 
tion (?) This IS a test for bone acid 

Treat the rest of the crystals with cold sodium hydroxide 
solution (?) 

c Place on separate parts of a watch-glass a diop of concen- 
trated sulphuric acid, a diop of glycerme, and a very httle 
pulverized borax Eub the end of a platmum wire m each of 
these Bring the end of the wire slowly up to the outer edge 
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neai the bottom of a small Bunsen flame How is the flame 
coloied? This is a test foi a boiate 
An alternative method Dissolve a small ciystal of boiax 
in 1-2 0 c. of water in a test-tube Add a diop oi two of con- 
centiated sulphuiic acid and then 2-3 cc of alcohol Heat 
the mixtmc and set fi^ie to the vapoi of the alcohol (?) 

146 Borates 


a Dissolve 1 g of boiax in distilled watei Test both this 
♦solution, and the distilled water, with litmus papei ( ?) 

Put two drops of the solution into a test-tube and dilute 
with watei tiU the tube is two-thuds full» To the leinaindei 
add silver nitrate solution (?) Add silver lutiate solution to 
the very dilute solution also (?) The diff ei eiicc is moi e inai ked 
if the dilute solution is fiist wanned Poi coinpaiisoii, add 
silvei mtrate solution to an exactl}' equally diluted sodium liy- 
di oxide solution (?) What conclusion do you diaw in legaul to 
the action of water on boiax? Wiite the equation, and explain 
h Heat a stiaight platinum iviie in the Bunsen flame, and, 
while yet glowing, dip it into a small quantity of boiax Re- 
turn the wire to the flame and observe the changes in the sub- 
stance (?) until it forms a bead Tiy boiax beads, as directed 
in 2 d, e, and/, with cupric oxide (?), manganese thoxide (?), 
and ferric oxide (?), sepaiately 
147 Identifying an Unknown Substance II Obtain [In- 
stiiictor] a smgle unicnown solid substance It will eithei 
Contain one of the foUowmg radicals, oi be one of the substances 


mentioned 

orthophosphate 

metaphosphate 

pyrophosphate 

carbonate 

bicarbonate 


acetate glucose 

borate ethyl alcohol 

sulpluu 

staach a food 

sucrose 


The positive radicals will be hmited to NH 4 , Na, K, and Ca, of 
which only tbe.fii-st is to be identified For foods, use methods 
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in 139 Recoid at the time the lesult of each observation 
Recoid negative lesults also 

a External Exanvmatwn Recoid the state (?), crystalline 
foim C^), coloi (?), and odor (?) 

h Solubility anu Reaction of Solution Try the solubihty of 
a few particles in water ('*’) and test the solution with htmus 
papeis (?) 

c Effect of Heating Heat 0 5 g m a diy test-tube Does it 
melt ('*), char (’), oi otherwise change (?), and does it give oS 
gas 01 vapoi’ Odor? 

If WATER VAPOR IS giveii off (’), tho substance may be a 
hydiate, acid salt, caibohydiate, oi calcium hydroxide In- 
cline tho mouth of the tube downwards, drive all the water off, 
dry out the tube wnth filter -paper, and continue heatmg Does 
it now chai (?), change (?), oi give off gas or vapoi? 

A SUBLIMATE indicates a salt of NH 4 Test 103 d 

A COLORLESS GAS With NO ODOR may be caibon dioxide 
(test?) 

A COLORLESS GAS With AN ODOR may be ammoma, sulphur 
dioxide, 01 gases from the charring of carbohydiates (?) 

d Action of Concentrated Sulyliwic Acid To 0 5 g add 2-3 
drops (not more) of concentrated sulphunc acid (?) If neces- 
saiy, waim gently (?) 

If the substance turns black, it is a caibohydiate (?) Ascer- 
tain which one by the proper test (129, 130) 

A COLORLESS, ODORLESS GAS may be caibon dioxide (test?),- 

A GAS with an odor may be acetic acid (test?) 

If theie is NO gas (no bubbling), the substance may be a”" 
phosphate or a borate (test?) 

e Report State youi conclusion, with the reasons there- 
for (?) 

/ Obtain a second unknown and proceed as before (?) 

g Obtain a thud unknown, involving exercise 113 as well 
as 147 (?) 
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148 Potassium Hydroxide. 

« a Dissolve about 30 g of potassium caibouate [Notes 10, 
11, 12, p 2] m 200-300 c c of -watei m a laige beakei , and 
heat on a wiie gauze to boiling Slake 15-20 g of quickliine 
m a beaker ('?), using heat if neccssaiy to stait the action, and 
make the product into a veiy thin paste with watei Add this 
gradually, and with constant stiiiiiig, to the boiling solution (?) 
Continue boihng foi a few minutes (why*?) Let the mixture 
settle, and, when it is cold, decant the cleai hquid (or faltei 
rapidly) Use the solution m 6, c, and d 

Is calcium hydi oxide appreciably soluble (Appendix IV) ^ 
Is calcium carbonate more oi less soluble than is the hydiox- 
ide*? Formulate the action and explain why it went to comple- 
tion What kind of hydroxides alone can be made by this 
method? Which hydioxides aie of this land (Appendix IV)*? 

h Find the strength of the solution made in a by titiation 
(alkalimetiy) To do tins, place a caiefully measured volume 
(about 10 c c ) of the clear solution in a small flask Dilute with 
'about four times its volume of water, as the concentiated solu- 
tion is apt to decompose the indicator Fill a burette to the 
very tip of the nozzle with “noimal” [R 124] hydrochlonc acid * 
Add some phenolphthalem solution to the alkah and lun in the 
* Or normal oxalic acid may be prepared (two students working together), 
and used here Calculate the weight of puro [Instructor], orjstallme oxalic 
acid [R 413] requued to make 600 c o of normal oxalic acid solution [R 124] 
Weigh out [quant ] this amount on glazed paper and transfer it to a 600 o c 
graduated flask [Storeroom] Dissolve the add m distilled water and then fill 
UD the flask to tile mark 
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acid cautiously until the led coloi just disappears Note the 
volume of acid used (?) Calculate the coucentiation of potas- 
sium hydroxide in teims ot a noiinal solution as umty (‘i’) 

c (Two students worlang together ) If the alkahne solu- 
tion IS above normal, calculate the volume of the solution 
lequiied to make 100 c c of noimal alkah Place the necessary 
amount of the solution in a 100 c c giaduated flask [Stoieioom] 
and fill to the mark with watei (If the solution is less than 
uoimal, calculate and use the amoimt lequued for 200 c c of 
scmi-noimal alkah ) 

Measure (burette) 5 c c of acetic acid into a flask and dilute 
with about 20 c c of watci (oi take 25 c c of commercial vme- 
gai), add phcnolphthalein, titiate with the noimal (oi semi- 
uoinial) alkali, and calculate the normality of the acetic acid 
(oi vinegai) used (?) Calculate also the peicentage of acetic 
acid picseut (?) 

d Place very small quantities of the following solutions in 
separate test-tubes, dilute with water, and add excess of the 
solution of potassium hydioxide from a to each, feme chlo- 
iide (?), cupric sulphate Ci*), meicuiic chloiide (?) Desciibe 
the coloi and stiuetme of the piecipitates [Note 40, below] 
Boil the contents of each test-tube (?) Do the precipitates 
(hssolve 01 change in any way? 

What kind of hydioxidcs can be made by this method? Do 
any metals fail entirely to form hydroxides [R 440]? 

e Pulverize a small piece of potassium hydroxide and leave- 
it exposed to the air on a watch-glass foi 24 hours, or moie (?) 
To a part of the product add dilute hydiochloric acid (?) Simul- 
taneously, expose a small piece of sodium hydroxide and treat it 
in exactly the same way (?) Compare the results and explain 

Nok, 4Q — The structure of a precipitate may be described as 
gelatinous, floeoulent, curdy, pulverulent, granular, or oiystalline 
What circumstances will determine the structuie of a precipitate? Here- 
after, describe eveiy precipitate by terms like these 
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149 Potassium Nitrate 

a Dissolve 25 g of sodium mtiatc aud 22 g of potassium 
chloiide in 50 c c of water and evapoiate to hall the volume 
on thg sand bath Fit a hltei papei into a small fuimol [Note 
24, p 10] As lapidly as possible decant the hot, cleii licpiid 
fiom the crystals and set it aside Thiow the cijstals which 
appeared dumig boiling at once on to the filtei , and lapidly pi ess 
out the lest of the inothci-hquoi with a spatula Examine the 
»foim of the crystals and asccitain what the> aie (If they 
aie too small, leciystalhze a pait slowly fiom waitei in a bcakei 
in oidei to leaiii then foim ) When the decanted liquid is cold, 
press the pioduct on a filtoi likewise Examine this set ot ciys- 
tals as before (?) Compaie both with the oiigmil substances 
To undeistand the piocess, wiitc in the blank places of the 
table (below) the solubilities (giams dissolved by 100 g water) 
of the substances concerned (Appendix V) 

10“ 100° 10° 100° 
Potassium nitrate 246 Potissmm eliloiide 

Sodium chloride Soihum mtiatc 

Which of those substances will fiist be deposited fiom the 
boiling hquid? Asceitam by calculation how much of it 
(loughly) wiU be deposited at 100°, how much moie will come 
out when the hqmd cools, and how much will lemain m the 
mo thei -liquor What othci substance will be piesent in largo 
quantity in the hot mothei-hquoi, and how much of it must 
'theie be'? How much of this pioduct will be deposited when 
, the hquid cools, and how much wall be lost by lemainmg chs- 
solved*? What pei cent of the possible yield of potassium 
mtiate may we expect to get? Dry youi product, weigh it, 
and calculate what pei cent was secured 

Explain why purer potassium mtiate can be obtained by 
crystaUizmg the pioduct once moie fiom water 

h Mix intimately m the moitai 5 g of finely pulverized 
potassium nitrate with 2 g of charcoal, and drop the mixture in 
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small portions into a red-hot ciucible (?) What gases are 
evolved'!’ What is the residue (test with an acid)'!’ 

c Pulveiize 5 g of potassium mtrate and rmx on paper 
[Caution] intimately with 2 g of floweis of sulphui T)irow 
the mixture [Hood] m small portions into a led-hot ciucible (?) 
What gases aie evolved? Dissolve the residue and add barium 
chloride solution (?) Explain the explosive power of gun- 
powder (?) 

IBO Potassium Cyanide [Poison] How is this salt made 
[R 451]? Place 1 c c of potassium cyanide solution in an 
evapoiating-dish, heat it, and add yellow ammonium sulphide 
solution until the color (?) no longci disappears Evaporate to 
complete chyness Hood] Dissolve a part of the residue with 
watei, and add feme chloiide solution (?) A black precipi- 
tate (?) indicates that the heating was not sufficient If this 
appeals, heat the lesidue once more and tiy the action of feme 
chloiide again In the first part of this expeiiment, what 
property of the cyanides, and which land of ionic chemical 
change, are illustrated? Is this change instantaneous, as is the 
union 01 disumon of ions? 

IBl Reactions of Potassium Salts 

a Heat a little sohd potassium mtrate on a clean platinum 
wire Notice the color of the flame and examine with the 
spectioscope Make a diagram showmg the position of the 
hnes with reference to the D line (m the yellow), which, on 
account of the sodium present, is shown by aU flames in the 
laboratory 

h Saturate 10 c c of warm water (40°) with potassium 
mtiate Add this solution to an equal volume of tartaric acid 
solution m a beaker (?) Agitate and cool in a stream of water 
(?) Note, also, the effect of lubbmg the mside of the vessel 
with a glass rod Desciibe the product [Note 40, p 148] 
Filter, and wash the precipitate with a httle alcohol 

c Dissolve a few particles of the piecipitate from & in a diop 
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or two of waim water and teat with litmus (’) Rcmembeiing 
that tartaric acid H 2 C 4 H 4 OC is a dibasic acid, what soit of salt 
must the product be? 

To a few particles of the precipitate add dilute hydiochlono 
acid (‘^) 

To a pait of the precipitate add drop by diop potassium 
hydroxide solution (shake between drops), using as little of the 
base as possible (?) To the resulting solution add concentrated 
jiydrochloiic acid a drop at a time No effect can be expected 
until after the mixture becomes acid (test?) Stii vigorously 
with a glass rod, and cool in lunnnig watci between drops (?) 
Fmally, try the effect of excess of the acid (?) 

d Heat the lest of the precipitate stiongly in an open 
poicelam ciucible (?) Extract with hot water, filtei, and add 
any acid to the filtrate (?) The ignition of all potassium 01 
sodium salts of oigamc acids gives the same lesull 
e Take 2-3 c c potassium chloiide solution and, in another 
test-tube, dilute a few diops of it with 10 c c of watei Then 
add some piciic acid solution to each poition [Note 40, p 148] 
(?) Explain the difference in behavior (?) 

What substance is shown to be present m a solution when we 
get the tests in 6 and el 
162 Ammonium Salts 

a What is a common effect of heating ammomum salts 
(103 /)? Heat 1 g of ammomum phosphate in a hard glass 
test-tube (?) Dissolve the residue m water and test with 
htmus papei (?) 

' Do all salts of ammomum give ammoraa when heated (101 a, 
109 a)? Is simple heating a test for an ammomum salt? 
Observe the odors of all the salts of ammonium (sobds and solu- 
tions) m your kit, or upon the side-sheff (?), and explain 
b Do ammomum salts impart color to the flame? 
c Take a solution of any ammomum salt and divide it into 
three portions ’ To one add excess of tartane acid solution, and 
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shake (?) To the second add picnc acid solution (■?) Com- 
pare these results with 161 b and e To the third add sodium 
hydi oxide solution and note the odoi (?) How should you 
distinguish ainmonium-ion from any other ionic substance? 
Why IS heating the salt not a sufficient test (103 e)? 

d Test ammonium chloiide solution with litmus (?) Do 
you infer that aiiunonmm hydroxide is a very inactive base 
[R 437]? 

163 Sodium Carbonate by Solvay Process 

a Take 76 c c of ammonium hydroxide, dilute with 25 c c 
of water, and dissolve in it 26 g of powdered ammomum 
caibonate by shaking (ammomum hydroxide solution is used 
instead of water m oidei to seeuie ultimately a higher concentra- 
tion of ammomum-ion, and theiefore of HCO 3 " ion, than could 
be obtained with the caibonate alone, the solubility of this salt 
being too small) Then satuiate the solution completely with 
sodium chloiide by prolonged agitation with finely powdered 
salt in a corked bottle If crude salt is employed, it should be 
washed with water before use Decant the clear hqmd into 
anothci bottle, fitted with coik and two tubes, one of which 
leaches to the bottom If, because of delay, a dense precipitate 
has appeared, proceed without decanting Through the latter 
(long) tube, pass m caibon dioxide from the laboratory supply, 
or fiom a Kipp’s apparatus or generator, until the solution is 
satmated This opeiation may occupy an hour or more 
Dming the absorption of the caibon dioxide, the exit tube 
should be closed to prevent waste of the gas Finally, close the, 
tubes with caps of rubber tubing plugged with glass lods and 
set aside ovei night (?) Filter off the deposit, and dry by 
pressing between filter papers 

b Dissolve in water a little of the sohd from a, which must 
have ceased to smell of ammonia (why?), and test the reaction 
of the solution with htmus (?) If the solution is not acid, 
explain why it is not so 
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To pait of the sohd add any dilute mincial acid (?) 
c Heat the lest of the sohd in a test-tube clamped so that the 
mouth is mchned shghtlj dowmvaid, and asceitain what gases 
and vapors aie evolved (?) When gas ceases to he given off, 
dissolve the cold residue in a very little watei, test the reaction 
of the solution with litmus papei (?), and set it aside to crystal- 
lize in an open dish (?) Explain the leaction with litmus (?) 
Dry the ciystals, and asceitain the effects upon them of (a) 
addition of an acid (?), and (b) of exposuie on a watch-glass (?) 

Compaie the solubilities of the caibonate (Appendix IV) 
and bicarbonate of sodium [H 461], and explain why the bicai- 
bonate is made first and then the caibonate fiom it 
164 Eeactions of Sodium Salts Take some salt of sodium 
and try the flame test, and examine the flame with the spec- 
troscope as in 161 a Take a solution of some salt of sodum, 
and add to one portion picnc acid solution (?), and to the other 
taitaric acid solution (?) Compaie all the results with those 
obtained in 161 and 162 h and c 
How could you distinguish sodium, potassium, and ammo- 
mum salts from one another? How could you demonstrate 
positively the presence both of a potassium and of an ammomum 
salt in a mixture of the two without the aid of the flame test 
01 spectroscope? 

Which salts of potassium, ammonium, and sodum are least 
soluble? 

,166 Baking Powder Weigh out 2 g of potassium bitar- 
trate (cream of tartar) Wnte the equation for its interac- 
tion with sodum bicarbonate (?) Calculate how much of the 
latter salt will be required (?) Weigh out this amount, and 
rmx the two salts on paper In piactice, com starch is also 
added (Why?), but is not here requued 
Put half the mixtuie m cold water m a beaker (?) Put the 
other half m watei previously heated (?) Why do soda 
biscuits rise so japidly when placed in the oven? 
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1B6 Qualitative Analysis of BaJdng Powder 

a Preparatory Place about 4 c c of the balung powder 
mto a laige test-tube, add 20 cc of watei, and shake vigor- 
ously foi several minutes Filter the liqmd and test the clear 
filtrate as in c, d, e, and/ 

i Starch (see 129 b) Pei f mate the filter papei and with 
water wash some of the lesidue into a test-tube Boil tins 
suspension, and then cool it and fill the test-tube up with water 
With a glass lod, add to the suspension one drop of a solution 
of iodine m potassium iodide (?) A blue coloi indicates 
staich 

c Tartrate Radical Place 4 c c of the filtiate fiom a in an 
evaporating dish with 5 drops of concentiated sulphunc acid 
and evaporate to diyness ovei a small flame Chairing and 
an odoi of burnt sugai indicate a taitiate 

d Phosphate Radical (see 116 c) Take 1 c c of the filtiate 
from a and acidify with 1 c c of dilute mtiic acid To 5 c c of 
ammonium molybdate solution add 3 diops of this mixture, 
waiin, and set m the lack (?) Phosphates give a yellow 
piecipitate 

c Sulphate Radical (see 86 h) Acidify about 5 c c of the 
filtrate from a with 5 c c of dilute hydiochloiic acid and add 
barium chloiide solution (?) What is the precipitate (if 
any)? 

/ Ammonium Radical (see 103 d) To 5 c c of the filtiate 
from a add 5 c c of sodium hydi oxide solution Heat to boiling 
and note the odoi (?) and reaction of the vapoi (not the hquid/ 
towards moist led litmus paper (?) What is the gas (if 
any)? 

g Calaum Radical Shake about 0 5 c c of the baking pow- 
der with 5 c c of dilute hydrochlonc acid Filtei and to the 
filtiate add ammonium hydi oxide mitil the liquid is alkaline 
to litmus Now add acetic acid until the solution is acid to 
htmus, boil, and filter if the hquid is not cleai Add am- 
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momum oxalate solution (See 61 a) The precipitate, if any, 

IS calcium oxalate 

h Aluminium Radical Foi test, see 189/ A blue coloi 
indicates aluminium 

j RepoH Siimmaiize, Stating which ladicals were picsent 
and which absent (?) 

167 lordc Equilibrium and the lon-Produot Constant 
a Dilute a few diops of methyl orange solution [R 258] with 
much distilled water Add a few diops of an acid (’) and then 
excess of a base (?) What coloi s does this mdicatoi show in 
neutial, acid, and alkahne solution, lespectivcly? What ionic 
substance is present m the acid, and absent fiom the othei 
solutions’ 

Take some distiUed watei in a beakei and add to it 2-3 diops 
of methyl oiange solution, and chvidc the liquid between thiee 
test-tubes To the fiist two add a httlc acetic acid (’), to the 
third a chop of hydiochlonc acid (?) To the fiist add now some 
solid sodium chloiide, and shake (’) To the second add some 
solid sodium acetate, and shake (’) What lomc substance has 
disappeaiecl’ Explain the diffeieiice in behavioi [R 468] To 
the third add solid sochum chlonde, and shake (?) Explam 
the absence of effect 

In what way did 68 h illustiate the same piinciple? 
b Take three poitions of a satuiated solution of potassium 
chlorate m as many test-tubes (If there is any deposit m the 
bottles, this and the following solutions must be shaken befoie 
use to insure saturation ) To the fiist add satuiated sodium 
chlonde solution (?), to the second satuiated potassium chlo- 
nde solution (?), to the thud satmated sodium chloiate solu- 
tion (?) Allow them to stand foi a minute or two befoie 
drawing any conclusion Explain [R 470-471] The experi- 
ments will fail if all the solutions aie not saturated 
c To 1-2 c c of concentrated hydiochlonc acid add con- 
centrated sulphm-ic acid diop by drop (?) Explain 
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168 Purification of Sodium CWonde 

a Prepaie about 150 c c of a cold saturated solution of 
common salt by giinding the salt foi some time m a mortar with 
the water If crude salt is used, it must first be washed with 
water Place the solution in a bcakei, and pass hydrogen 
chloride into the solution Piepaie this gas by placing a 
handful of common salt in a geneiatmg-flask (Fig 17, p 51), 
covering it with concentrated hydiochloiic acid, and allowing 
concentrated sulphuric acid to fall into it from a dropping^ 
fmmel The hydiochloiic acid pievents frothmg and steadies 
the stieam of gas (why?) Deliver the gas into the solution 
thiough a thistle-tube with the mouth downward (?) When 
consideiable piecipitation has occurred, filtei by putting a clean 
silver com with milled edges m a funnel, pourmg the hqmd and 
ciystals upon it, and pressing with a spatula 

Why is the thistle-tube pieferable to ordinary tubmg? 

h Explain why, m a the salt is piecipitated If the crude 
salt had contained other salts, which of them would have been 
affected by the introduction of hydrogen chloride, and which 
not? Specifically, would sodium sulphate oi magnesium 
chloride have been affected, and how? If either of these would 
be affected and had been piesent, mider what circumstances 
might it have entered mto the piecipitate (Appendix IV) ’ 
Withm what limits, then, does the process give a means of 
punfication? 
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METAiLIC ELEMENTS OF THE ALKALINE BABTHS 

IBS Marble and Quicklime 

a Select two small gianules of maible Place one on the 
wue gauze and heat with the full flame foi 10 minutes (mean- 
while proceed with c and d) Evaimne it and compare its 
appeaiance with that of the unheated fiagment (?) Wiite the 
equation for the change (’) 

b Place two stiips of red litmus papei in two watch-glasses 
Lay one of the fiaginents fiom a on each, and moisten with 
watei earned on a glass lod (’) What sort of oiade is calcium 
oxide'’ 

How may the decomposition of the maible be arrested ('’) 
and reversed (?) without altering the teiiipeiatuie? What con- 
ditions permitted complete decomposition to take place heie? 

c Place about 1 g of powdered fiesh quicklime m a test- 
tube, add dilute hydrochloric acid, shake, and vrarm if neces- 
sary (’) What soit of oxide is quicldime? 

For comparison, take a chip of marble and cover it with 
dilute hydioohlonc acid (?) What is the reason for the dif- 
ference? 

160, Reactions of Calcium Salts. Diluted calcium chloride 
solution [Note 41, below] may bo used for b, c, d, and e 

a Try the flame test with a particle of solid calcium chloride 
and examine with the spectioscope (see that the platinum wire 
IS clean Note 42, below) Make a sketch of the spectrum 
showing the positions of the lines with reference to the sodium 
and potassium lines 

6 To a paA of the solution contaming calcium-ion add 
, 157 
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ammonium oxalate solution m excess (?) Filter off the pie- 
cipitate and divide it into two paits Place each pait in a test- 
tube, and treat one with dilute hydiochloiic acid (‘0 and tne 
other with diluted acetic acid (?) Explain this chtference in 
behavioi towaids hydiogen-ion [R 481-483] Why was ammo- 
mum oxalate used m picference to oxahc acid? 

What are the approximate numerical values of the lon-pioduct 
constants of calcium oxalate, calcium caibonate, and calcium 
sulphate (Appendix IV)? 

c To the second poition of the solution contaimng calcium- 
lon add some dilute hydiochloiic acid, mix, and then add 
ammomum oxalate solution (?) Explain [R 482] If any 
precipitate appears, add moie hydiochloiic acid Now add a 
large amount of sodium acetate solution (?) What is the 
precipitate (calcium acetate is soluble), and why is it formed 
[R 484]? 

d To the third poition of the solution contaimng calcium- 
lon add ammomum caibonate solution (?) Waim, if necessary 
Filter, divide the piecipitate and treat parts of it with hydro- 
chloric acid (?) and much diluted acetic acid (?), respectively 
Explain the result (?) Explain also the difference m behavior 
of the oxalate and the caibonate of calcium towards acetic acid, 
talcing account both of the solubilities of these salts, and of the 
fundamental difference m behavioi between oxalic and carbonic 
acids 

e To the fomth portion of the solution add excess of dilute 
sulphuric acid (?) Filter Reserve the filtrate for /. Pierce 
the filtei -paper and wash a small part of the precipitate into a 
test-tube Add some concentrated hydrochloiic acid (?) Ex- 
plam the change, if any occurs (?) 

/ Divide the clear (if not clear, filter again) filtrate from e 
mto 3 parts To one small part add an equal volume of alcohol 
(formation of all precipitates, if long delayed, may be hastened 
by vigorous stirring) (?). 
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Neutralize (test?) the second poition with ammommn hy- 
di oxide (why?), add ainmomum oxalate solution (?), and 
explain Is the sulphate oi the oxalate of calcium more soluble? 
Gonfiiin youi infeience by gmin; the solubilities (Appendix IV). 

To ’’the thud portion of the filtiatc fiom e add a little sodium 
caibonate solution (?) Is the caibonate oi the sulphate of 
calcium more soluble? What aie then actual solubilities? 
How may peimanent haidne&s be lemoved'^ 

Note 41 — In Uni and all following paragraplis headed “reactions ’’ 
"where "diluted” solutions aie spoken ot, the solutions must be diluted 
with 3-4 -volumes of distilled water to secure good results 

Note 42 — Aftoi use, the platinum wiie must be cleaned Form upon 
it a boiax bead, and cause the molten bead to ti averse the rure feOfia-TOd to 
end several times Thiow off the bead Heat the lure persistsoiily'ih 
Bunsen flame, dippmg it from tune to tune lu hydiochlonc acid (slfhp); 
until the win. no longer colois the flame If much corroded, the wire 7^ 
be boiled m mtiic aud befoic bemg heated 
161 Hard Water 

a Soft water To about 10 c c of distilled water add soap 
solution (12 g pel 1 htei), drop by diop, shalnng between drops 
Comit the number of drops leqmied before a "permanent” 
lather oi froth is obtained (’) A “permanent" fioth is defined 
as one which persists for three imnutes 
Give the name and formula of one typical component of 
soap? 

b T&nvpoi ary hardness Take 5 e e of freshly made, satu- 
rated hmewatci (1 7 g Ca(OH)2 per hter) aud add an equal 
volume of distilled watei. Pass carbon dioxide through the 
-'half-saturated hmewater steadily until two changes (’) have 
occuried (meanwhile proceed with c) Write two equations, 
one foi each change [R 384] (?) The clear product is water of 
temporary hardness What substance is present? 

c CalmlaUon of the degree of hardness What weight (grams) 
per liter of calcium hydroxide was contamed m the diluted lime- 
watei”? What, -weight (grams) per hter of CaCOj would this 
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give m the final product (’) How many degrees of hardness is 
this in French units [R 489]? How many grains per U S 
gallon of 58,333 giains? 

d. Action of haidness on soap To 2 cc (measured) of the 
product from 6 add soap solution (noting how much) and^hake 
until a “permanent” lathei is obtained (?) The pieoipitate 
IS a calcium soap Wnte the formula of a typical component 
of this soap (?), and the equation foi its foimation (?) 

e Removing temporary hardness {softening) To 2 c c 
(measured) of the pioduct from h, add 1 e c (measuied) of 
saturated hmewater and shake (?) What is the piecipitate 
[R 490-491]? Now add soap solution, noting how much is 
inquired to form a»“permanent” latliei (?) Was the amount 
required as gieat as in d, or was it nearei the amount used in a? 

f Bod 2 c c (measured) of the product from b (?) What 
is the precipitate? When the liquid is cold, add soap solution 
as in e, to determine whether the haidness has changed (?) 

g Permanent hardness Dissolve a ciystal of magnesium 
chloiide m 10 c c of water, add soap solution and shake (?) 
Wnte the equation (?) and name each substance (?) 
h Test the city water with soap solution (?) 

162 To Determine the Hardness of a Water, and the Weight of 
Soap Destroyed by Ten Gallons [Quant ] 

a Fill the burette with a solution contanung 12 g of Castile 
soap pel liter of 65 per cent alcohol * In a 500 c c bottle, pro- 
vided with a cork, place 100 c c of the hard water Run m the- 
soap solution, 0 5 c c at a time, shalang vigoiously after each 
addition untd a “peimanent” (161 a) lather is obtamed If 12'* 
c c (or less) of the soap solution is not sufficient, stop at that 
point, throw out the sample, take 50 c c of the hard water 

* Thjs solution approxunates closely to that used for detormimng hardness 
If accurately standardized, 1 o c of this solution, when added to 100 u o of a 
sample of water of 1° hardness (French, 1 port CaCOs per 100,000) gives a per- 
manent lather With 2“ hardness, 2 o c are required per 100 o o of water, and 
so forth 
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diluted with 50 cc of distilled watoi, and start again With 
very haid watei it may be neccssaiy to use as little as 5 c c 
diluted with 96 c c of distilled watei Moie than 12 c c of the 
alcoholic soap solution must not be used, because the alcohol 
then ?ends to pi event the foimation ot the lathei and leiideis 
the results maccuiate If only 5 c c (foi example) of the watei 
IS used, then the amount of soap solution that, would have been 
reqmied for 100 c c is obtained by multiplying the volume of 
,soap solution employed by 20 Record the lesults as follows 
Vol of hard water used c c 

Vol of soap solution employed c c 

Vol of soap solution lequned foi 100 c c of 
the water a: c c 

If the soap solution was standardized, x is also the dcgiee of 
hardness in French units, i e , m paits per 100,000 (?) Convert 
this into U S 01 Bntish units [R 489] (’) 

b Since 1000 g (1 hter) of the soap solution contained 12 
g of soap, Ice contained 0 012 g of soap, and 100 c c of the 
hard water destroyed 0 012 g of soap (mice of the solution) 
for each degree of hardness 

Hence 100 g of the haid watei destioyed a: X 0 012 g of 
soap Hence 100 lbs of the hard water destroyed a, X 0 012 lbs 
of soap Oi 1 lb of the hard watei destioyed a; X 0 00012 lbs 
of soap 

■ Now 10 gallons (U S ) of water weigh 83 4 lbs Hence 10 
gal of the hard water destioyed 83 4 X a. X 0 00012 lbs of 
soap Weight (lbs ) of soap destioyed by 10 gal (?) 

Ten gallons (Brit ) of water weigh 100 lbs Weight (lbs ) of 
soap destroyed by 10 gal (?) 

163 Reactions of Strontium Salts Use diluted PSTote 41] 
strontium chloride solution for 6, c, and d 

a Same as 160 a 

b. Add ammonium carbonate solution and heat (?). 
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c Add dilute sulphuric acid ('^) 

d Add a cleai solution of calcium sulphate (made by shak- 
ing a little of the pulveiized salt with distilled watei and filteimg 
until deal) (?) The piecipitate may come slowly Explain 
184 Reactions of Banum Salts Use diluted [Nofe 41] 
barium chloiide solution foi h, t, and d 
a, h, c Same as 163 a, h, c 

d Add a cleai solution of stioiitium sulphate (made by 
shaking the salt with distilled watei and filteimg) (?) Explain 
Now add coiicentiated hydiochloiic acid (?) Why does the 
piecipitate not behave like that m 160 u? 

Compaie with 168 d, and arrange the sulphates of these thiee 
metals m the oidei of solubility Give two methods of dis- 
tinguishing the compounds of the elements m this family 
Examine the table of solubilities (Appendix IV) and suggest 
othei ways of distinguishing calcium-ion and baiium-ion, respec- 
tively, fiom the otbei two How could you tell a solution 
containing the ions of a member of this family from one con- 
taimng those of the membeis of the previous family? 

166 Identification of Unknown Substances Take thiee diy 
test-tubes, apply to the instiuctoi for thiee “unknown” sub- 
stances, and ascertain what each is Record negative as well 
as positive results (?) 
a Study (1) Physical appearance (?) 

(2) Odor (?) 

(3) Solubihty in distilled water and leaction of the solu-r 
tion towaid litmus (?) Aftei the final conclusion has been 
reached, leexamme the results recoided under (1), (2), and (3),' 
and considei if the substance found has the pioperties theie 
noted All results requiie checking in some such way 

h (4) Identify fiist the negative radical, usmg the methods 
desenbed m lls and 147 (?) 

Before beginning (4), make a list of all the negative radicals 
known to you, and place opposite to each thergases, if any, 
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which salts containing that ladical, when heated, might be 
expected to give off Considei also the means ot recognizing 
these gases, if foimod 

Befoie heating with a diop oi two of eonccntiatcd sulphuiic 
acid Aake a list of the leactious of sulphuiic aud with salts con- 
taining each of the negative radicals Considei also the means 
of lecognizmg such of the possible pioducts os are volatile 
c (5) Dissolve the substance in distilled watei (if insoluble, 
try dilute hydi ochlonc acid) Identify now the positive radical, 
using the reactions foi the metallic ions just studied (^) 
d (6) Write out the expeiiments and leasoniug caiefully in 
your note-book, and make suie that they piove the substance 
to be the one you finally decide that it is, and exclude the pos- 
sibility of its being any othei See (3), above (?) Report the 
lesult to the lustiuctoi 
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166 Cuprous Chloride 

a Dissolve about 2 g of cupnc chlonde m 15 c c of water 
in a small flask Add 2-3 c c of puie, concentrated hydro- 
chloiic acid and about 5 g of metallic coppei, and boil [Hood] 
until the gieen tmt is no longei peiceptible m the duty yeUow- 
ish-biown coloi of the pioduct If a few diops added to a test- 
tube full of watei, pieviously boiled to leraove dissolved oxygen, 
confei a blue tinge upon the watei, the action is still incomplete 
What ion confeis the blue tinge? What change do the cupnc 
ions undeigo? Is the change an oxidation or a reduction of 
cupnc chlonde? 

5 To a small pait of the solution, when cold, add excess of 
sodium hydi oxide solution (?) Why is so much of this re- 
qmred? Pieserve the mixtme in a coiked test-tube for use 
in 168 

c Poui the rest of the solution from a into a laige amount of 
water in a beaker (?) Expose some of the sohd product, while 
covered with water, to the sunlight (?) 

d To the lest of the sohd product from c add concentrated 
hydiochloiic acid, and shake (?) What is the complex negative 
ion here formed [R 504, 505-6]? Does it give a greater oi a less 
concent! ation of cuprous-ion than does the msoluble cuprous 
chlonde? Upon this basis explain the piocess of solution here 
observed Pour a httle of the solution mto much water (?) 

e To the rest of the solution made m d add a httle chlonne- 
watei (?) What ionic substance is shown by its color to be 
present? Pom this solution mto much water (?) « 

164 



COPPER AND SILVER 


165 


Define this form of oxidation, and the foiin of icduction in a, 
in terms of ions 

167 Cupric Hydroxide 

a ,To 1-2 c 0 of diluted cupnc sulphate solution add excess 
of sochum hydioxide solution (?) Take one-thnd of this nux- 
tuie and boil it (?) 

b Boil 1 g of sugar dissolved in watei (oi use diluted gliieoso 
syiup) with a few drops of dilute sulphuiic acid foi seveial 
» minutes (?) This gives glucose and fiuctose [R 405] Add 
this glucose solution to anothei portion of the mixtme fiom a, 
warm gently C?), and note all changes Make no equation for 
the action of the glucose 

c To the remamdei of the mixture flora a add ammonium 
hydroxide, and shake (?) What complex ion possesses this blue 
color [R 507]^ Does this ion give a gicatei oi a less concentra- 
tion of cupnc-ion than does the insoluble hydioxide? Upon 
this basis explain the piocess of solution heie observed 

168 Cuprous Oxide Divide the mixtuie fioin 166 b, con- 
taimng a precipitate of hydrated cupious oxide, into thiee pai ts 

a Shake one persistently with an in a bottle, admitting 
fresh an fiom time to time (?) 

h Bod the second portion (?) 

c To the thud poition add ammonium hydroxide (?) What 
IS the color of the mixture? What complex ion is formed 
[R 507]? Why is cupious oxide dissolved by ammonium 
* hydioxide solution? 

Shake this solution with an What ion is foimed? Is the 
action more oi less rapid than in a, and why? 

169 Cuprous Iodide Dilute a few drops of cupric sulphate 
solution and add potassium iodide solution (?) Filter Wash 
the piecipitate [Note 39, p 116] (?) What is the coloi (?) of 
the precipitate, and what is it? Add pait of the filtiate to some 
starch emulsion (7) Shake the rest with some chloroform (?) 
Read the foo&ote on p 12 
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170 Reactions of Cupric Salts Use diluted cupiic sulphate 
solution. What is the coloi of cupiic sulphate itself? To what 
IS the color of the solution due'? 

a Test the reaction of the solution with litmus pap^i (?) 
and explain [R 437] Is coppei an active metallic element? 

h Lead hydrogen sulphide thiough anothei portion (?) Is 
this action leveisible, theoieticaUy? Add dilute sulphuric acid 
(?) Do dilute acids act upon any sulphides (80 g)? Why not 
upon this one [R 273]? 

c To anothei poition add potassium feiioeyamde solution 
[R 510] (?) 

d Note heio the inteiaction (73 a) of zinc with cupnc-ion (?) 

e Make a borax bead and heat with it a minute particle of 
cupiic oxide in the oxidizing (?) and in the leducing (?) flame, 
as m 3 e The lattei lequiies patience If cupiic sulphate 
had been used heie, what leaotion would have taken place 
[R 288]? 

/ Piepaie a match (oi splinter of wood) as in 93 Place on 
the end a moistened luixtuie of any coppei salt with anhydious 
sodium caibonate and heat in the i educing legion of a small 
Bunsen flame Break up the charied stick m water in a mortar, 
wash away the lighter paiticles, and rub the residue hard with 
the pestle (?) 

171 Ammonio-cupno Compounds To a diluted solution 
of cupric sulphate add ammonium hydi oxide (?), fiist a drop 
(?), then m excess (?) Of what ion docs the copper now form 
a part? Do other compounds of coppei yield the same ion 
(197 c)? Which action of all those m 170 and 171 should you 
hold to give the most dehcate test for cupnc-ion? 

Try with the blue solution the tests m 170 &, c, and d (?) 
Are the concentrations of cupnc-ion given by cupnc sulphide 
(?), cupric ferrocyamde (?), cupric sulphate (?), and cupiic 
hydioxide (?), larger or smallei than the concentiation of fiee 
cupric-ion given by ainmomo-cupric-ion? Which 6f these com- 
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pounds would be dissolved by ammomum hydiovido solution, 

, and which not? 

172 Cuprocyanides To 3 c c of a diluted solution of cupiic 
sulphate add potassium cyanide solution [Care! Poison], fust 
a drop (?), then in excess (?) Does the solution show the coloi 
of cupiic-ion? In what foiin of combination is the coppei 
[R 508]? 

Divide the solution into thiee paits and tiy the tests foi 
, cupnc-ion given in 170 b and d, using in d a piece of gianulated 
zinc (7) Would cupious sulphide dissolve in potassium cyan- 
ide solution? Explain youi answei Docs cupious sulphide (?) 
give laiger or smaller concentiations of fiee coppei ions than 
does the cuprocyanide? Would potassium cuprocyanide give 
the bead test (170 e) oi the match test (170/)? 

173 Double Salts (Potassium-Oupnc Sulphate) 

a Saturate water at 70° with 5 g of finely powdeied potas- 
sium sulphate (about 25 c c will be lequiied) Calculate the 
weight of ciystaUized cupuc sulphate which must be taken to 
get an equimoleculai piopoition, and dissolve it in its own 
weight of hot watci Mix the two solutions, taking care not to 
allow any undissolved fiagments of eithei salt to get into the 
mixtuie, and set the lesult aside to ciystalhze (‘0 Examine 
the foim of the ciystals and compaio with those of blue vit- 
riol (?) Dissolve a pait of the crystals in watei and use poi- 
tions of the solution foi b 

h With the solution try tests m 170 b, c, and d (?) Is cupne- 
lon present? To anothei poition add ammomum hydioxide (?) 

How do double salts chffei (a) fiom complex compounds like 
potassium cuproeyamde and ammomo-cupric sulphate and (b) 
from simple salts like cupnc sulphate? 

174. Equivalent of Copper [Quant ] Take a small rod of 
pure zme, smooth the ends with a file, and weigh caiefully 
Place in a beaker an exactly known weight of crystallized 
cupnc sulphaTie (about 2 g), and dissolve m distilled water 
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Put the zinc in tins solution, and allow them to lemain m con- 
tact until the lattei is completely decolorized Remove the 
zinc, fiee it caiefully fiom the blown deposit (?), and diy and 
weigh it What weight of zinc has gone into solution? 

To avoid weighing the piecipitate of copper, which it would 
be difficult to do exactly, calculate from the foi inula what 
quantity of copper was contained in the amount of blue vitriol 
taken (?) Calculate fiom youi data the weight of coppei dis- 
placed by the equivalent weight of zinc found in 23 or 26 a, or, 
if zinc was not then employed, assume the latter to be 32 7 
This weight of coppei will be the equivalent (that of oxygen 
being 8) Look up the specific heat of copper (Appendix III), 
and use this and the equivalent obseived to find the atomic 
weight (7) 

What other atomic weights could be measured on this plan? 

176 Reactions of Silver Salts 

a Take 1-2 c c of silver nitrate solution Test its reaction 
towards litmus [R 437] (?) Is silvei more or less active as a 
metalhc element than coppei? 

Add dilute hydrochloric acid until no fuither precipitation 
occuis (?) Filter, wash the precipitate with water, and place 
a small part of it in the sunlight (7) Reserve the rest foi 
b, c, and d 

Place a diop of silvei nitrate solution on the slon, and ex- 
amine aftei an houi (7) 

6 To a small part of the precipitate from a add ammonium " 
hydroxide (7) What complex ion is formed? Now add dilute 
mtiic acid m excess (7) Formulate the action of this acid (?) 

c To anothei small pait add sodium thiosulphate solution 
(?) Pass hydrogen sulphide (see /) thiough the mixture (?) 
Explain both actions (?) 

d Place the rest of the piecipitate in a porcelam crucible, 
put on it a piece of gianulated zinc, and fiU up with dilute sul- 
phuric acid Stir fiom time to time (?) After ah hour or two 
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pour off the acid, take out any unchanged ^uic, wash the pie- 
.cipitate with watei by decantation, add aintnonium hydi oxide, 
and filter Find out whethei any silvei chloiidc had icinained 
unchanged and so passed into the filtiato (1T6 b) (‘^) When 
the filtei papei is diy, place the daik powdei in a hollow on a 
stick of charcoal and melt it with the flame of the blast-lamp 
directed downward upon it (?) 

e Dilute a few drops of silvei mtiate solution and divide 
^nto two parts To one add potassium biotnide solution (‘^), 
and to the other potassium iodide solution (?) Add to each 
some ammonium hydi oxide (?) Compare the lates of action 
with that on silver chloiide (?) Aiiangc the three salts and 
ammomo-argentic-ion in the ordei of deci easing ability to give 
argentic-iou (?) Relate this oidei to that of solubility (Appen- 
dix IV) 

/ Dilute 2-3 diops of silver nitiato solution and lead m 
hydrogen sulphide (?) Is this action leveisible, theoietically’ 
Divide the pioduct into two paits, and to one add dilute nitiio 
acid (?) 

To the othei part add potassium cyanide solution [Caution ! 
Poison] (?) What is foimed? Could silvei chloude be pie- 
cipitated from this solution (84 6)? Explain (?) 

g Touch Cougo-ied paper [R 258] with a dilute acid (?) and 
with a dilute solution of a base (?) 

To 1 0 G of silvei mtiate solution add a few chops of potas- 
sium dichromate solution (?) Test the solutions before (?) 
and after mixing (?) with Congo icd paper [R 258] (If the 
color of the chchiomate obsemes that of the Congo red, wash 
the test-paper with distilled watei ) What pioduct does this 
show? Make the equation accordingly (?) 

Note that chromic acid solution is deep led in color, and as 
an acid is too feeble to affect this mdicatoi 
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176 Magnesium Mix thoioughly in a moitai equal bulks^ 
of magnesium powdei and powdeicd calcium caibonate Put 
the mixtuie m a test-tube (it should fill about half an inch of 
the tube), fix the tube in a clamp on the stand, and heat the 
top layei in the Bunsen flame until the leaction begins [Cau- 
tion' Be careful to keep the tube duected away fiom the face 
during the heating ] Allow the test-tube to cool, add a little 
watei, and then, slowly, an excess of concentiated hydiochloiic 
acid (?) (If the tube has been broken, place the contents with 
the acid in a bealcei ) Note the odoi (?) What effect will the 
acid have upon any excess of either of the ingredients? The 
acid will also dissolve the oxides of magnesium and calcium 
foimed by the action When all action has ceased, filter and 
wash the black residue (?) with water After diying this on the 
radiatoi or water bath, piove that it is caibou 

This may be done by placing some of it m a diy test-tube, add- 
ing a pinch of potassium chloiatc, heating m the Bunsen flame, 
and pom mg the gas when it has cooled (close the tube with the 
thumb while waiting foi this) into a test-tube containing 2 c c 
of limewatei , and shaking (?) 

What is the i educing agent m this action (pai 1)? 

Examine the test-tube (?) and explain [R 425] 

177 Properties of Magnesium Compounds 

a Try whether magnesium chloiide dissolves completely 
in watei (?) Test the solution with litmus and draw an infer- 
ence (?) 
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Heat some of the ciy&tals stronglj'- m a diy test-tube (?) 
j;’est the leaction towaids htmus pajwi of the uatei which con- 
denses m the tube (?), and then lemovc the liquid from tiie 
sides of the tube with a piece of filtei papei Does the lesiduc 
dissolve completely m watei? Evplam (0 

6 To some chluted magnesium sulphate solution add ammo- 
mum hydroxide (?) Explain the result m teims of the loii- 
product constant [R 479] (7) Calculate the value of the 
i^jn-pioduct constant, showing all steps in the calculation (?) 

Now ini\ with some ammonium hychoxide seveial times its 
volume of aminomum chloride solution (what effect will this 
have on the ionization of ammonium lijxli oxide? Would 
ammonium sulphate answei as well?), and then add the mixture 
to a new poition of magnesium sulphate solution (7) Explain 
in teims of the lon-pioduct constant (7) 

To this combination of thiee solutions add sodium phosphate 
solution (see 117 c) (7) Explain the puiposc of each mgie- 
dient 

c To a fresh poition of the diluted magnesium sulphate 
solution add ammonium eaibonate solution, and warn (7) 
Repeat, adding excess of ammomum chloudo solution to the 
magnesium sulphate solution before using the carbonate (?) 

Calcmm-ion (160 d), stiontium-ron (163 b), and barium-ion 
(164 b) were also preerpitated by ammonium oaibonate Re- 
peat c with one of them, adding fiist excess of ammomum 
chloiide solution (?) It you had a salt of magnesium mixed 
with a salt of one of those othei metals, how should you proceed 
so as to piocipitate a compound of the alkaline eaith metal first 
and one of magnesium aftei wauls’ 

d Add two drops of hydiochloiic acid (why’) to about 
250 c c of the city watei, evaporate to small bulk, and test it 
foi calcium-ioir and magnesiuin-ion 

e Pass hydiogen sulphide through magnesium sulphate 
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178. Reactions of Zinc Salts Use diluted zinc sulphate 
solution 

a Test the solution with litmus papei (’) Explain {!) 
h To a pait of it add sodium caibonate solution (7) Bung 
the contents of the tube to the boiling-point, filter, and wash the 
piccipitate with watei To a portion of the precipitate add an 
acid (?) Diy the rest of the precipitate foi c 

c Heat the dried, basic zinc caibonate from b in a porcelain 
crucible to ledness for a few minutes Remove a small portion 
of the product and try the action of an acid upon it (7) If it 
effeivesces, igmte for a longei tune What is the coloi of the 
final product when hot, and when cold? Reserve foi d 

d Moisten the residue fiom c with a drop of a cobalt chlo- 
1 ide solution and heat again (?) 

e To another part of the zme sulphate solution add a very 
little sodium hych oxide solution, and shake (7) Filter, sus- 
pend the precipitate m water, and divide into thiee parts 
To one add an excess of sodium hydroxide solution (?) Does 
this show zinc hydroxide to be basic, oi acidie7 
To the second portion add dilute hydrochloric acid (7) 
What sort of hydroxide does it now seem to be? Explain 
[R 529] (?) 

To the third poition add ammonium hydroxide (?) What 
complex ion is formed [R 529]’ 

/ To a thud portion of zinc sulphate solution add ammo- 
nium sulphide solution f?) Filter, and wash the precipitate 
and filter-paper with water until no odoi of hydrogen sulphide 
remains To a part of the precipitate add a drop of hydro- 
chloric acid (7) Odor’ Pieseive the rest of the precipitate 
for g 

g Roll up a small part of the filtei papei from / (oi b) mto a 
ball, and coil the platmum wire tightly round it Roast the 
whole in the Bunsen flame (?) Moisten the ash with cobalt 
chloride solution and heat again (?) 
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179 Relative Activity of Several Acids In clean tc^t-tuhcs 
»place equal volumes of (1) zinc chloiide, (2) zmc sulphate, and 

(3) zmc acetate solutions Compaie then leactions towauls 
litmus and towards Congo led papci [R 437] (?) Into each 
pass liydiogen sulphide to satuiation (test? Note 37, p 80) (?) 
Are actions like this reversible, theoietically? The rcveise 
action consists in the action of what acid upon what insoluble 
salt m each case? Will it be equal with chlfcicnt acids [R 272, 
^537-8] ’ If not, the most active acid will have kept the most 
zinc m solution and the least active the least To asccitain 
how much zmc remains in each solution, filtei the mixtures 
sepal ately and, aftci testing with Congo red papei (“i*), add 
ammonium hydioxide to each (?) The piccipitates arc zmc 
sulphide (why’) Compaie the amounts (’) Infei the lela- 
tive activities of the acids (?) 

Why was ammonium sulphide used in 178/’ 

180 Ionic Equilibrium Take a laiger amount of zmc sul- 
phate solution, and add dilute sulphuiic acid to it cautiously 
(only a few chops aie requiied) until a sample just ceases to give 
any precipitate with hydiogcn sulphide Explain (’) To half 
of the mixture add much powdeied, anhydious sodium sulphate, 
stii until it has dissolved, and test a part with liydiogcn sul- 
phide again (’) What effect must the gieat addition of 
sulphate-ion have upon the hydiogen-ion introduced by the 
sulphuric acid? Why is zinc sulphide now piecipitated? 

' To the othei half of tho mixtme, add solid sodium acetate 
and shake until the latter has chssolved Now lead hychogen 
’ sulphide into the liquid (?) Explain why zinc sulphide is now 
precipitated (?) 

181 Reactions of Cadmium Salts Use diluted cadmium sul- 
phate solution 

a Same as 178 e Answer the same questions 

b Saturate with hydrogen sulphide (?) Is the action easily 
reversible? Add dilute hydiochlonc acid (?) 
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By what reactions could you dihtmguish between salts of 
magnesium, /sme, and cadmium'? 

182 Unknown Substances Apply to the mstiuctor for 
thiee unknown substances To identify the anions, follow the 
Quthne of woik m 16B To identify the cations, employ 
the scheme commonly used in analysis [R 537] Piesent to 
the mstiuctoi a logical and coherent, written lepoit, as 
diiected m 166 (?) 

183 Mercurous Nitrate Place about 10 g of mcicuiy witR 
15 c c of diluted (1 1) nitiic acid in a small beakei, and let the 
action go on foi an hour Stiiiing will cause crystallization 
Dissolve the crystals m watei to which a few drops of mtiic acid 
have been added (why?) Use this solution in 186 

184 Mercuric Nitrate Boil some meicuiy oi mercuious 
nitiate with eveess of concentrated mtiic acid Evaporate 
[Hood] the solution on a watei bath, moisten with mtiic acid, 
and dry 

186 Reactions of Salts of Mercury Use diluted poitions of 
mercurous nitiate solution and of a diluted solution of any 
mei curie salt, and add to each the following reagents Com- 
paie the results in each case 

a Litmus paper (?) Explain (?) 

b Dilute hydiochloiit acid (?) Treat the precipitate, if 
there is any, wuth ammomum hydioxide [R 536] (?) 

c Sodium hycboxide solution [R 534] (?) 

d Ammonium hydroxide [R 536] (?) 

e Hydrogen sulphide to satuiation [R 535] (?) 

/ Potassium iodide solution (shake), until there is no further 
change (?) What complex ion is formed? Using this solu- 
tion, try an expeiiment to show that mercuiic sulphide gives an 
even smaller concentiation of mercunc-ion than does this com- 
plex ion (?) 

g Stannous chloride till there is no further change [R 534] 
(?) 
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h A clean piece of coppez (?) Dcteimme whothei any 
^eoppei goes into solution (?) E\pkin (Appendix VII) 

% Heat a little of a salt of ineicuiy iii a diy test-tube (?) 

j How could you distinguish a solution of a meicuious and 
of a haeicuiic salt, icspcctivcly, fioin salts of silvei, coppci, 
magnesium, zinc, and cadmium? 

I Do magnesium, zinc, cadmium, and mcicuiy exhibit the 
propel tics of typical metallic elements [R 430]? Explain (?) 

186 Couples Take f out pieces of gianulated zinc and clean 
them by placing them m dilute hydiochloric acid m a beakei 
After two minutes, pom away the acid and wash the zmo 
lepeatedly mth distilled watei Take three test-tubes and 
place in each 1 c c of one of the following solutions meicuious 
mtiate, silvei mtiate, and cupiic sulphate Put one oi the 
pieces of zmo in each test-tube (?), and leseive the fouith piece 

Place 2 c c of dilute sulphuiic acid in cadi of foui test-tubes 
Now wash the thiee pieces of zinc lepeatcdly with water and 
place one piece in each of the foui test-tubes of sulplimic acid, 
taking caie to distinguish each piece fiom the otheis (?) 
Which piece acts upon the acid most \igoiously (?) and which 
least so? Explain [R 549] (?) 

187 Concentration Cell Suspend a lod of tin about 60 mm 
long by a thieacl fiom one end, and hang it iieai the bottom of 
the giacluated cylinder Pour in thiough the dropping-funnel, 
which must leach the bottom of the cyliiidei, fiist water oon- 

^ taming 5 chops of dilute hjchochloiic acid and then diluted 
(1 1) stannous chloiide solution Peifoim the opeiation with 
' care, in such a way that the solutions do not mix, the dilute 
acid being finally uppeimost, and that the surface at which 
they meet is near the middle of the rod of tin If the second 
solution IS peimitted to cany an bubbles with it, mixing will 
inevitably occur Place the aiiangement wheie it will not be 
distuibed, and examine fiom time to time (?) Explain [R 550] 



CHAPTER XXVI 


ALUMINIUM, DYEING, TIN, LEAD 

188 Aluminium 

a Recoid here the action of aluminium on hydrochloiic acui 
(16 a) and its degiee of intensity (’) Tiy the action of the 
metal on dilute sulphuiic (0 s-ml dilute nitric acids (?) Com- 
pare and explain (?) 

h Place some aluuumum tuimngs with sodium hydroxide 
solution in a beakei (^) To asceitain whether anything has 
gone into solution, neutralize one-half of the liqmd veiy care- 
fully with dilute hydiochloiic acid (?) Test the precipitate 
by 189 / (?) 

c To the lest of the hquid from b add calcium chlonde solu- 
tion (?) To what gioup of mineials do compounds allied to 
this belong [R 557]? 

189 Reactions of Alumimum Salts Use poitions of diluted 
aluminium sulphate solution 

a Teat the solution with htmus papei (?) Explain (?) 

b Add ammonium sulphide solution (?) Filtei off the 
precipitate, wash it imtil odoiless (why?), and asceitain whethei 
it is a sulphide oi not (?) Preserve a pait of it for / 

c Add sodium caibonate solution (?) Piltei off the precip- 
itate, wash it until fiee from sodium carbonate (why?), and 
asceitain whether it is a caibonate oi not (?) 

d Add a little sodium hydroxide solution (?) Pioceed 
exactly as in 178 e, and answer the same questions (?) Explain 
the difference in behavioi observed (?) 

e To a small portion of the suspension from d add sufficient 
sodium hydioxide solution to ledissolve the piecipitate Then 
176 
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add excess of ammonium chloiide solutiou, and lioil ('’) E\- 

B,j)lain (?) 

/ Proceed as m 178 g with <x small part of the filtci papci 
fiom h (?) (or use the method m 178 d) 

190 ' Alum Piepaic waim, satuiatcd solutions of liydiatcd 
aluminium sulphate and ammonium sulphate in appuAimately 
equimoleculai pioportions (calculate amounts loquiied), mix 

' them, and set aside (’) Obtain some huge ciystals by hanging 
a thread m the solution Note the foim and taste of the 
crystals (’) 

Dissolve one or two of the crystals, and asceitani by expeii- 
ments selected from 189 whethei the solution contains alu- 
mmium-ion (“i*) Infei whethei this is a double salt, oi a salt 
giving a complex ion 

191 Dyeing Preparing the Cotton In case the swing has 
not been removed fioin the cotton cloth, boil seven pieces in 
60 c c af water containing 2 c c ot concontiated hydiochloiic 
acid Rinse the goods in watei, dip in 50 c c of cold water 
containing 0 5 c c of ammonium hydioxide, and iinse again 

Use one piece in 192, two pieces m 194, two in 196 6 and two 
in 196 c 

192 Chrysophemn, a Direct Dye on Both Cotton and Wool 
To 20 c c of watei in the evapoiatmg dish add 5 c c of the 
chiysophenin suspension ■" (shake the bottle) and 1 c c of so- 
dium sulphate solution, ‘ and heat to boihng 

. Place in this bath one piece each of flannel and of cotton and 
keep them in motion with a glass rod foi two minutes Remove 
"them and wash in running watei (’) Is the dj e fast to washing 
on both? What was the puipose of the sodium sulphate 
[R 565]? 

Smooth out the samples on a square of glass (or a bottle) to 
dry, and paste them in your note-book 

• Chrysophemn suspension, 1 per cent Sodium sulphate solution, 8 g 
NajSOj.lOHiO per4 liter 
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193 A Lake Tiikc some cochineal solution, add to it a few 
drops of ammonium hydioxidc, and shake Then add 1 c c of^ 
aluminium sulphate solution, shake, and allow to stand ( 

194 Alizarin, a Non-basic, Mordant Dye In a test-tube 
dilute 2 c c of aluminium sulphate '■ solution with 10 c of 
water, place in it a piec e of cotton cloth and hod foi two minutes 

In a second test-tube dilute 1 c c of ammomum hydroxide 
with 10 c c of watei Wimg the piece of doth, place it m this 
solution and warm and shake foi two minutes Then wring 
the cloth, which is now moidanted with aluminium hycUoxide 

In the evapoiatmg dish put 50 c c of water and 5 o c of 
the alizaiin suspension (shake the bottle) Place in this the 
piece of moidanted cloth and a piece of unmoidantcd cotton, 

' and heat to boiling Keep the pieces of cloth m motion for at 
least ten minutes Finally, wash them in running water (?) 

Is the dye fast to washing on both? Why do they differ 
[B, 665]’ 

Dry the samples on glass and paste them into the note-book 

196 Basic, Mordant Dyes 

a Measure into as many laigc test-tubes the following 
solutions 

(1) 2 c c Malachite gtecn (0 05 %) 

(2) 2 c c Methyl violet (0 05 %) 

(3) 2 c c Tanmc acid (1%) 

(4) 2 c c Tartar cmetie (1%) 

Add to each 20 cc of distilled watei, and label and number 
the tubes 

b Place two pieces of cotton cloth in the evaporating chsh, 
add the contents of (3), and keep at the boiling-pomt for five 
mmutes Wiing the pieces of cloth and place them in (4), 
which IS cold, and keep them m motion for five minutes Then 

* Aluminium sulphate, N-aolution Alizarin suspension, 5 g ol 20 per cent 
paste to 100 o o of water 
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lemove and wiing the cloth, which ih now raoid.nited with 
■lautimonyl tannate (?) 

c The Dye without Moidant Place m (1) and in (2) one 
piece each of uiiinoidanted cloth, and keep each aolution at the 
boiling-point foi one minute Wash the samples thoioiighly 
in lunmng watei (?) Is the dyo fast to w'ashiug? 

d The Dye with Moidant Now place in (1) and in (2) one 
piece each of the inoidaiitcd cotton fioin 6, boil each foi one 
4 niuute, allow them to cool, and then w ish the cloth thoioughly 
(?) Is the dye fast to washing? Diy all the samples on glass 
and mount in the note-book 

196 Tin Place some tin (gian ) in a test-tube with diluted 
nitiic acid (1 acid 10 Aq) and set aside Aftei 198, examine 
portions of the solution Deteiiniiie whethei it contains a sedt 
of ammonium (?), and explain Dcteiiiiiiie whethoi it contains 
stannic-ion oi staimoiis-ion (?) How does tin behave with 
concentlated mtiic acid (108 d)? Explain the diflerence (?) 

197 Halides of Tin 

a Stannous halide He it about 1 g of tin with puio, con- 
centiated hj diochioiic acid (see 16 a) (?) Lot the action go 
on until the acid is neiily exhausted Waim, to hasten the 
action, and make suie that an excess of tin is always picsent 
Use the solution in b, and in 198 Pioceed with latei experi- 
ments until it IS leady 

h Stannic halide [Hood] To one-half of the solution fiom 
'a add biomine-watei until the coloi ceases to be destiojed, and 
^cliive oft the excess of biomine by waimiiig (?) Use tins 
liquid in 198 

198 Reactions of Stannous and Stannic Saits In a, b, and 
c use a portion of each of the solutions fiom 197, aftei dilution, 
with each leagent Compaie the two lesults in each case 

a Satuiate (test?) each poition with hydiogeii sulphide (?) 
To pait of each pioduct add dilute hydiochloiic acid, to learn 
whether the aStion is easily leveisible (?) Filter the remamder 
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of each pioduct, and treat the precipitates, sepal ately, with 
waim yellow ammonium sulphide solution [R 672] (?) To 
the lesultmg liquids add dilute hydiochloiic acid (?) Explain 
why both give the same pioduct (?) What is the gas evolved? 

b Add rneicuiic chloiide solution, at first a little an& then 
in excess, fust to the stannic (?) and then to the stannous solu- 
tion (?) When the changes (two) in the lattei aie complete, 
boil, let the precipitate settle, filter the cleai part of the liqmd, 
and determine whether the tin m the filtrate is now stannous o;; 
stannic by adding a diop oi two of biomine-watei (see 197 6) 
c Add to each poition a httle sodium hydioxide solution (?) 
Proceed exactly as in 178 e and answei the same questions (?) 
Explain the diffeience, if any, in behavior observed What 
other hydroxide resembles those of tin and zinc? 

d Boil a small poition of the stannic solution with tin (gian ) 
for seveial minutes Now add meicmic chloride solution (?) 
and compaie with the lesults in b (?) Account foi the change 
in the stamuc-ion (?) What kind of chemical change was this? 

199 Unknowns Apply to the instructor foi two unlmown 
substances Identify them, and lepoit the result, as diiected 
m 182 

200 Lead 

a Dissolve 1 g of lead acetate in 20 c c of water , place in 
it seveial pieces of granulated zme, and set aside for an hour or 
two Aftei 201, devise a way of precipitating any remaimng 
lead-ion and showing the presence of zinc-ion m the solution (?) ' 
b Wash some of the lead from a with distilled water on a 
filter, and see whether it is possible to get washings which show 
no reaction for lead-ion with hydrogen sulphide (?) Account 
for what you obseive (?) 

201 Reactions of Lead Salts Use diluted lead mtrate 
a Test with htmus paper (?) 

b Satmate (test?) with hydrogen sulphide (?) Is the 
action easily reversed? 
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c Add dilute hydiochloiic acid (’) Filter, dilute the fil- 
trate with 5-10 volumes of watei, and satuiate with hydiogen 
sulphide (?) Explain (?). What othei ehloiidcs aie “in- 
soluble”? 

d \dd sodium hydroxide veiy giadually (i*), fiist a little, 
then in excess (^) What other hydioxides leseiiihle this one'^ 
e Add potassium iodide solution (?) Boil, filtei, and 
examine the filtrate (2) Infer a property of lead iodide (2) 

„ f Potassium dichromate solution (?) Pioceedas in 176 g (’) 
g Dilute sulphuiic acid (2) What sulphates are insoluble’ 
202 Lead Dioxide 

a Waim and agitate 1 g of minium with 5-6 c c of dilute 
nitiic acid until it no longer changes in color (2) Dilute with 
water, and filtei Reserve the precipitate foi b and c Show 
by tests selected from 201 that lead-ioii is present in the fil- 
trate What theory of the nature of red lead is suggested by 
this action [R 576]2 

6 Treat a part of the precipitate from a with sodium hy- 
di oxide solution (?) Record here the action of hydrochlonc 
acid upon lead dioxide (48 a) and explain it (2) 

c Allow the rest of the precipitate from a to dry, place it 
in an evapoiating-dish, and direct upon it a stream of hydiogen 
sulphide (?) Explain (?) 

d Do aluminium, tin, and lead exhibit the propeities of 
typical metafile elements [R 436]? Explain? 
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203 Arsenic 

a Heat one particle of aisenie in a haid glass test-tube (?) 

6 Roast a paiticle of arsenic on a ciucible lid (?) Note the 
behavioi and odoi (?) 

c Mix a pinch of pulveiized aisemc tiioxide with wood 
chaicoal (pulv ) Heat the inixtuie stiongly in a dry test-tube 
(?) Compaie lesult with a (?) 

d Boil 05 g of aisenic (pulv) with excess of nitric acid 
[Hood] (?) Compaie with lie h Use the solution foi 206 e 

204 Arsenic Trioade and Arsenious Chloride 

0 Boil 0 5 g of aisemc tiioxide with water (?) Test the 
mixture with litmus (?) Now add sodium hydroxide solution, 
and boil (?) To what class of oxides does the tiioxide appeal 
to belong? Formulate the whole change 
6 Boil 1 g of the tiioxide with 2-3 c c of concentrated 
hydrochloric acid (?) To what class of oxides does it appear 
now to belong? Formulate this change (?) Set aside and 
examine latci (?) What aie the ciystals [R 584]? Is this 
action leversible? Use the solution for c and 207 
Is aisemc a typical metallic element? Is it a metallic element 
at all? Give reasons taken fioni a and 6 
c Take a small pait of the solution from 6 (setting aside 
the rest), dilute with watei, and satuiate with hydrogen sul- 
phide (?) Divide into two parts With one, try whether the 
action IS easily reversible (?) Filtei the other and heat the 
precipitate with yellow ammomurfi sulphide solutioa (?) What 
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Other sulphide behaved in this way? Now add dilute hydio- 
jjhloiic acid to the liquid (?) Explain (?) What is the gas 
evolved? 

206 Arsenites Use poitions of diluted potasbium arsenite 
solution 

a Add silvei nitiate solution (?), then ammonium hy- 
dioxide (?) 

b Add cupiic sulphate solution [R 586] (?) 

c Test the solution with litmus (?) What substances must 
be present? Saturate with hydiogcn sulphide (?) 

208 Arsenic Acid and Arsenates Foi a, h, C, and ( 1 , U«e poi- 
tions of diluted potassium arsenate solution 

a Add silvei nitiate solution (?) Add now ammonium 
hydroxide (?) 

b Add magnesia mixtuic (117 c) (?) Compaie with 177 
b (?) 

c Add to ammonium molybdate solution us in 116 c (?) 

d Add 2-3 chops of dilute hycliochloric acid (?) and satuiate 
with hydiogen sulphide (?) Now add excess of conccntiatod 
hydiochloiic acid and satuiate again (?), heating to assist the 
action (?) Explain (?) 

e Neutiahze the solution from 203 d with ammonium hy- 
dioxide, avoiding excess, and use tests selected fiom a, b, and 
c(?) 

207 Arsine [HooD Care' Poisonous gas] Ariangc a 
side-nech test-tube (oi small flask), with safety and stiaight 
delivery tubes and nozzle, to genciate and bum hydiogen 
Place in it a piece of chemically puie zinc, and add pure liydro- 
chloiic acid When the an has been displaced (Care Test?), 
light the gas and hold a ciuciblc hd m the flame (?) If theie 
is no deposit, add a diop of the solution of arsenic tiichloiide 
(204 b), obseive the appearance of the flame, and obtain a 
deposit on the crucible lid (?) What kind of chemical change 
takes place m the flame (see 78 b)l Heat the tube, through 
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which the gas passes to the nozzle, with a Bunsen flame (? 
Marsh’s test) When these experiments are completed, fill th^ 
test-tube with watci to stop the action 

Apply bleaching powdei solution (fresh) to the deposit (?) 

Can aisnic be made according to the general method con- 
si deied m 127 What other hydrides behave like aisme when 
heated? 

208 Antimony 

a, b Proceed as in 203 a and 6, using antimony (?) 

209 Antimony Trioxide, 

a Heat 2-3 g of pulverized antimony with concentrated 
mtiic acid in a small flask [Hood] (?) Dilute, filter, wash the 
piccipitate well [Note 39, p 116], dry, and use in b, c, and d 
Use a small pait to deteimine whetbei the product is a nitrate 
or not (?) What metal behaved similarly when treated with 
nitiic acid? Compare with arsenic (203 d and 206 e) (?) 

b Boil a small part with watei (?) Add sodium hydroxide 
solution, and boil (?) What kind of oxide is it? 

c Boil a small pait with bydrochloiic acid (?) What kind 
of oxide IS it? 

d Boil a pait with an equal amount of potassium-hydiogen 
tartiate in 5-6 c c of watei (?) Filter, and set the filtrate 
aside (?) What are the ciystals? To answer this question, 
dissolve some potassium-hydrogen tartiate and test the solu- 
tion with litmus (?) Later, dissolve some of the crystalline 
pioduct m warm water and test with litmus (?) Inference (?) 

210 Antimony Trichloride and Tnsulphide 

a Tieat about 0 5 g of antimony tnchloiide with water (?), 
and test the liquid with litmus paper (?) Add more water, 
waiin, and ascertain whether the action is reveisible by adding 
chop by diop (shake between drops) concentrated hydrochloric 
acid (?) When the liquid has become clear add a large amount 
of watei (?) What law is illustrated? Finally, add concen- 
tiated hydrochloxic acid again (?), and use the solution in b 
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How does this action diffei from that of watei upon phos- 
^orus tnchlonde (118 b) and upon aisenic tiichloude [R 584]? 
What 13 the significance of this diffeience? 

b Dilute the liquid fiom a, saturate with hydrogen sulphide 
(2), and pioceed as in 204 c (2) Answei the same questions (2) 

211 Stibme Repeat 207, using antimony tnchlonde (?) 

212 Bismuth Piepare a match (oi sphntei of wood) as m 
■92, and proceed as ui 170/, using any bismuth salt (2) What 
metals aie obtainable in this precise way2 Could zinc, meicury, 
silver, and aluminium be so obtamed2 Explain (2) 

213. Compounds of Bismuth 

a Waim about 1 g of bismuth with 8-10 c c of diluted 
(1 1) nitric acid (2) Concentrate to 3 c c and set aside 
[R 591] (2) Compare this lesuli with aisenic (203 d) and 
antimony (209 o), and inteipiet (2) 

6 Proceed as m 210 a (first par ), using bismuth mtiate (or 
the prodact fiom a) and mtnc acid, instead of the salt and 
acid there employed (?) 

c Take 1-2 c c of bismuth nitrate solution, dilute it, and 
clear up with nitnc acid if necessary Satuiate a part with 
hydiogen sulphide (?), and proceed as m 204 c (?) Compare 
with the sulphides of arsenic and antimony (2) 

d To the lemaindei of the solution of bismuth mtiate add 
sodium hydroxide (?), at fiist a little, and then in excess (?). 
Compaie this hydioxide with the oxides of aisenic (204 o) (?) 
and of antimony (209 6) (?) 

Filtei otf the precipitate, ignite it m a poicelain crucible, 
aAid note the color when hot (?) and when cold (?) 

214 Do arsenic, antimony, and bismuth exhibit the piop^ 
erties of typical metalhc elements2 If not, m what lespects do 
they fail to do so? 

216 Unknowns Apply to the instructor foi two unknown 
substances Identify them as duected in 166 and [R 537], and 
report the result* Do not use Marsh’s test for arsemc 
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216 Metallic Films 

a Obtain on small pieces of papei, bearing the names of tTie 
materials, a few pai tides of each of the six substances Arsenic 
tnoxide, antimony tnchloiide, bismuth mtrate, zinc sulphate, 
lead mtrate, and mercuious nitiate Lowei the Bunsen flame 
to 5 cm height, and reduce the an supply until a luminous tip 
appeal’s inside the flame Clean the outside of the evaporating 
chsh and place a little watei in it Take a long, thin, straight 
fiber of asbestos, dip the point in the water, and ^ouch the 
aisemc tnoxide with the moist end, so as to pick up a few 
particles 

Hold the evaporating dish in the left hand so that a glazed 
part of its extend is close above the luminous tip At the 
same moment, with the light hand, insert the point of the 
asbestos fiber qmckly into the luminous tip itself Place the 
asbestos fiber beside the arsemous oxide, foi use again in 217, 
and examme the dish (?) Is there a metaUic film, or only a 
dust on the dish (?) Dip a glass lod m dilute mtne acid (in, a 
test-tube) and moisten the film theiewith Does the film dis- 
solve qmckly, slowly, or hardly at aU? Tabulate the results as 
shown below 

Repeat with the other five substances, cleamng off the dish, 
and using a fresh asbestos fiber for each 

Film Dusty oe Dilute 

Substance Fobmula Continuous Nitbic Acid 

Arsenic tnoxide 
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b What reducing substances are present in the luminous 
tip7 Write the equations foi the mteiaction of caibon with 
"each of the oxides, and of hydiogen with each of the chloiides 
used What compounds will the two mtrates give when heated? 
How iE> metallic zinc picpaied fiom the oxide commercially^ 

217 Oiade, Iodide, and Sulphide Films 

a Lower the flame still further, so as to concentrate the film 
^ on a small part of the dish Repeat the first pait of 216 a with 
the six substances, holding each in the reducing tip, but holding 
the dish higher up in the flame, so that the metal may be re- 
oxidized and the oxide caught on the dish Note the color of 
each oxide (?), tabulate the results as shown under e, and use 
each oxide for b, c, d, and e, before cleaning the dish and pro- 
ceeding with the next substance 
b Take the dish with the oxide film to a bottle containing 
phosphorus tri-iodide,* and blow across the mouth of the bottle 
so that the gas strikes the oxide, converting it into the iodide 
(color?) 

c Breathe upon the iodide film heavily once oi twice (?) 
Soluble iodides become invisible, but reappear on drying 
d When the iodide film has reappeaied, blow across the 
mouth of the ammonium hydroxide bottle, so that the ammonia 
strikes the iodide (?) If the color vanishes, watch whether it 
reappears by i e-escape of the ammonia (?) 

e Blow across the mouth of the ammomum sulphide bottle, 
§0 that the hydrogen sulphide stnkes the residue on the dish 
This converts it into the sulphide (color ?) 

* CoLOK OP Behaviob op the Iodide with 

Mi.TAL Oxide Iodide Moistueb Ammonia Am Sdlphidd 
Arsenic 

/ Obtain an unknown, and identify it 

* In a very small, stoppered w -m bottle put a small piece of white phos- 
phorus and as little powdered iodine When the reaction la over, or if the 
phosphorus catches fire, close tho bottle One such bottle wiE servo for 10-15 
students , 
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218. Match Tests. 

a Obtain, on small pieces of paper, bearing the names of the 
mateiials, a few particles of each of the seven substance^ 
Gupnc sulphate, stannous chloiide, silver nitrate, lead nitrate, 
feiious sulphate, cobalt chloiide, and nickel sulphate 
Lowei the Bunsen flame to 4-5 cm height and reduce the 
air supply until a luminous tip appears inside the flame Cut 
the head off a match, warm one side of a laige ciystal of wash- 
ing soda (hydrated sodium carbonate) in the flame, and lub 
thiee-fourths of the match-stick with the melted hydrate 
Then hold this end of the match m the flame so as to char it 
The purpose is to get a thin piece of charcoal saturated with 
sodium carbonate 

Place a few particles of one of the substances in the palm of 
the left hand along with two or three times as much anhydious 
sodium carbonate Add a chop of water and with a penknife 
blade woik the mixtuie into a stiff paste n 

Stick a small mass of the mixture on the charred end of the 
match, and hold it m the luminous tip until the mass fuses 
Bleak off the chaiied end of the match in the mortar, add 
a little watei , and grmd the matenal with strong pressure in the 
moitar Wash away the charcoal and hghter particles, and 
examine the remaimng heavy particles m a good light, turning 
the mortar so as to eause them to move about 
6 Copper, tin, silver, lead These metals, bemg malleable, 
will show minute, flat shimng discs (?) 

If they aie eoloied (?), transfer some of them with the knife 
to a piece of filter paper Touch them with a drop of com 
centrated nitnc acid apphed with a glass rod and warm cau- 
tiously above the flame (?) A green stam indicates copper 
Touch now with a drop of ammomum hydroxide (?) A strong 
blue color confirms this conclusion 
If the discs are silver white^ transfer some of them to a watch- 
glass, add a drop of concentrated nitric acid, apd warm gently 
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above the flame (do not evapoiate the acid) A white, iiisolu- 
substance indicates tin (?) It the discs chssolve, gmiig 
a deal solution, add a drop of hydiochlonc acid A white 
precipi,tate indicates silver Confirm (176 6) (?) Confiim 
fuithei by using as in 176 a a solution of the oiiginul substance 
If theie is no precipitate with hydiochlonc acid, add a drop of 
, sulphui 1 C acid A white pi ecipitate indicates lead ( ?) Couth m 
by treating some of the original substances as in 201 d, e 
» c Iron, cobalt, nickel These metals give only heavy, giey 
particles Magnetize the penkmfe by strolang the blade m 
one direction with one pole of a magnet Asceitam whethei 
the blade will now attract and hold the particles To make 
sure that they aie not simply held by the water, wipe them off 
on a piece of filter -paper, allow them to dry, and try whether 
the blade now attracts them C?) If it does so easily, they aie 
lion 

WhetBer the particles were attiacted oi not, tiansfei some 
of them to a piece of filter paper Moisten them with a drop 
of hydiochlonc acid and warm above the flame (?) A yellow 
stain inchoates iron (2) Confiim by one of the tests for a feme 
salt (231 j) Also apply suitable tests (231) to a solution of 
the original substance (?) A blue stain (while warm) indicates 
cobalt (?) Confiim by applymg the borax bead test to the 
original substance (236 a) If there was no distinct stam, add 
a drop of mtiic acid and warm A gieenish stain mdicates 
nickel (?) Confiim by the boiax bead test with the oiigmal 
substance (237 a) (?) 

d Repeat with each of the othei six substances (?) 

e In the case of each of the seven substances taken, make 
equations, attaching the name to each fonnula, as follows 

(1) Effect of heating with sochum carbonate (?) 

(2) Effect of heating the product from (1) ("?) 

(3) Effect of heating the product from (2) with charcoal (?) 

(4) Intel action with reagents applied m fi or c 
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f Obtain [Instructor] an unknown and identify it Make 
a careful report, showing negative as well as positive lesults (?^ 
g If compounds of arsenic, antimony, zinc, and aluminium 
had been used in this test, state what, in each case, would have 
been the result (?). 
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■ 219. Chromates Melt 6 g of potasbium caibonate with equal 
amounts of potassium hydioxide (omit this from the equa- 
tion) and potassium mtiate (include only oxygen, from this, 
m the equation) at a low tcmpciatuie in an iron ciucible (Stoie- 
room] and stir in (use the leveise end of a file) 5 g of powdered 
chronnte Heat stiongly [Blast-lamp] foi seveial minutes (?) 
When the mass has cooled dissolve it in a little boiling water 
Filter, and add dilute mtiic acid to the solution until it is acid (?) 
Note the change in color (?) 

220. Dighromates and Chromates Take some potassium 
dichromate solution and run into it potassium hydioxide solu- 
tion fiom a buiette till the change in coloi is complete A 
test-tube tual will show the tint to be leached Concentrate 
the solution and allow it to crystallize (?) What kind of salt 
(neutial, aud, basic, double, oi complex) is potassium dichro- 
mate, essentially? What aie the colois of dichiomate-ion and 
of chromate-ion? 

221 Reactions of Chromates For a, 6 , c, use diluted po- 
tassium chi ornate solution What are the ions m the solution? 

a Acidify a part of the solution with dilute sulphuric acid (?) 
Ooncentiate and set aside to crystallize (?) 

6 Recall the actions of hydiogen sulphide (79 e), of sul- 
phurous acid (89/), and of hydiogen peioxide (66/), on such an 
acid solution (?) 

c Add lead mtrate and banum chlonde solutions to separate 
portions (?) 

d Repeat c wjth potassium dichromate solution (?) Com- 
paie the results and explain (?) 
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222 Chromic Anhydride Make a cold saturated solution 
of 6 g of sodium dichiomate, add to it two volumes of conce»<“ 
trated sulphuric acid m a beakei, and cool (?) Filter thiough 
a small plug of asbestos, and dry the precipitate by SQieaimg 
it on a piece of broken bisque plate [Storeroom] 

223 Chromic Oxide 

a Pulverize potassium dichromate (10 g ) thoroughly with 
one-fifth its weight of sulphur, and heat with the blast-lamp in 
a porcelain crucible for fifteen minutes Grind up the lesultmg 
mass in a mortar with water, filter, wash the green residue [Note 
39, p 116] (?), and dry it on a radiator for use in 224 Test the 
filtrate for potassium sulphate (?) 

h Make a borax bead, dissolve a particle of chromic oxide m 
it, and note the effects of the oxidizing and reducing flames 
upon it (2) All chromium compounds give the same result 
If chromic sulphate had been used, what would have^been the 
nature of the chemical action? 

224 Chromic Chlonde Mix the chromic oxide, prepared in 
223, with one-thiid its weight of pulverized wood charcoal, 
make into a stiff paste with some starch, and mold the mrxtuie 
into httle pellets of the size of peas Cover these completely 
with a layer of charcoal powder (why?) in a closed crucible, 
dry them by heating gently with the Bunsen flame, and let them 
cool before exposing them to the air (why?) Place them in a 
piece of hard glass tubing Then connect with a chlorine 
apparatus and, when the chlorine gas has reached the pellets 
and completely chsplaced the an (why?), heat strongly with,* 
blast-lamp Conduct any superfluous chlorine into a test- 
tube filled with sodium hydroxide Describe the substance 
which IS formed, and try its solubility m water and acids (?) 

225 Chrome- Alum Dissolve 10 g potassium dichromate 
in water, add the amount (calculated) of sulphuric acid neces- 
sary to form potassium sulphate and chromium sulphate, warm 
and add alcohol (7-10 c c ), a httle at a time, until the yellow 
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coloi has entirely given place to a puie, hiiglit gieen The 
aijtion takes some time to leach completion Note the odoi (?) 
Set the greatei pait of the solution aside to evapoialc spontane- 
ously Concentiate the smallei poition on the watei bath until 
crystals appear Examine the foiin and coloi of the crystals 
from both portions (?) What is the coloi of thou solution in 
watei? What is the color of chioinic-iou’ 

226 Reactions of Chromic Salts Make a solution of chrome- 
alum What aie the ions in the solution'’ 

a Boil a poition foi some time [R 603] 
h To another portion add sodium hj dioxide solution, at 
first a little (?), then m excess (?) Bod [R 602] (?) 

c Add ammonium sulphide (?) Filtei oft the piccipitate, 
wash it until odorless, and deteimine nhethei it is a sulphide (“i*) 
d Add excess of sodium hydroxide solution and then a laige 
volume of biomme-watei, and heat (’) Try another portion, 
using lead dioxide instead of biomiue (?) Infer the nature of 
the action from the change in coloi (0 

227 Manganates and Permanganates 

a Fuse a mixture of 5 g of potassium hydroxide, 2 5 g po- 
tassium chlorate (include only the oxygen, from this, in the equa- 
tion), and 5 g finely powdered manganese dioxide, at a red 
heat, in an non crucible [Stoieioom], stiimig with the reverse 
end of a file, until effervescence ceases (?) Add the lost ingic- 
chent gradually Tieat the mass with a small amount of cold 
Water, decant the clear liquid away from the precipitate, and 
use it in b, c, and d What is the coloi of manganate-ion? 

“ b Dilute a part of the clear green solution with a veiy large 
amount of water in a beaker (?) If no change should occur, 
pass carbon dioxide into the diluted solution (?) What is the 
color of permanganate-ion? How does this substance differ 
from manganate-ion in respect to composition, valence, and 
physical properties? 

c Add a fev» drops of alcohol, and waim (?) 
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d To the rest add a boiling solution of oxahc acid (?) 
e Repeat c and d with potassium permanganate solution 
acidified by addmg two or thiee times its volume of dilute sul- 
phunc acid (?) 

/ Recall the actions of hydiogen peioxide (66 c), hydrogen 
sulphide (79/), and sulphuious acid (89 g) on acidified potas- 
sium permanganate solution (?) 

228 Reactions of Manganous Salts Use any manganous 
salt What is the color of manganous-ion? 

a Boiax bead in the oxidizing (?) and reducing (?) flames 
h Bead of a mixture of sochum carbonate and sodium mtrate 
on a platinum wire with any manganese compound (?) 

c To a diluted solution of a manganous salt, add ammo- 
mum sulphide (?) Is the product a sulphide? 

d To another portion add sochum hydroxide (?) Divide 
into two parts Shake one with air (7) To the other add 
bromme-watei , and warm (?) 

229 unknowns Apply to the mstiuctoi for two unknown 
substances Identify them, and report the result Identify 
tho negative radical as in 166 For the positive radical, use 
the tests in 216, 217, and 218, and then, if necessary, use the 
system outlmed in R 537. 



CHAPTER XXX 


IRON, COBALT, NICKEL 

230. Iron Recall the prepaiation of iron from an oxide 
(20) , and the action of the metal on dilute acids (18 a) (?) 

231 Reactions of Ferrous and Feme Salts I 

a Borax bead with any compound of non (use the oxide) in 
the reducing (?) and oxidizing (?) flames 
. b Recall the action of heat upon ferric lutiate (22) and upon 
feme sulphate (88) (?) 

Prepaie a dilute solution of ferrous-aminonimn sulphate [Note 
38, p ST] Dilute some feme chloude solution [Note 41, p 
159] Use poitions of these solutions, and add to each the 
following leagents Compare the lesults in each case 
c Ammonium hydioxide (?) Shake with an (?) 
d Potassium ferrocyamde solution ('*) 
e Potassium f erncyanide solution (’) and add much water(?) 

/ Ammonium thiocyanate solution (’) 

232 Reactions of Ferrous and Feme Salts II Reductions 
and Oxidations Use diluted ferrous-ammonium sulphate and 
fliluted ferric chloride solutions 

a To portions of each solution add ammomum sulphide 
solution (?) Asceitain in each case whethei the action is 
easily reversible (?) Explain the behavior of the ferric chlo- 
ride solution [R 636] (?) How could you determine whether 
the flee sulphur was formed before or after the acidification‘s 
b To portions of each solution add potassium iodide solu- 
tion (?) To a little starch emulsion add a few drops of the 
ferric-potassium-iodide mixture (?) 

195 



196 


mON, COBALT, NICKEL 


[§ 233 


c Saturate (test 2) a poition of the feiious solution with 
hydiogen sulphide (?) Explain m terms of the lon-pioducit 
constant (?) Now add ammonium hydioxide (?) Filtei 
Wash the piecipitate until odoiless, and deteimme whether it 
IS a sulphide or hydroxide (?) Explain m teims of the ion- 
product constant (?) 

d Satuiate (test?) a poition of the feme solution with hy- 
drogen sulphide (?) Filter What is the precipitate (test?)? 
Examine the clear filtrate, and deteimme, by means of test,s 
from 231 d, e, and/, whethei feinc-ion or fcrrous-ioii is piesent 
(?) Formulate the action of the hydrogen sulphide (?) 

e Boil a portion of the ferric solution with excess of pul- 
weiized non for seveial minutes Filtei, and at once apply to 
part ol the cleai filtiate (color?) tests selected from 331 d, e- 
and / (?) Fonnulate the action of the iron 
/ To 2 c c of potassium peimanganate solution add a large 
excess of dilute sulphmic acid (?) Add this mixture ^op by 
diop to 5 c c of a dilute solution of ferrous-ammomum sulphate 
until the pink coloi is peimanent [R 623] (?) Apply to this 
liqmd tests fiom 231 d, e, and / (?) Foimulate the action in 
terms of ions alone Which kinds of ionic chemical change have 
been illustrated heie? How could this action be used for esti- 
mating non? 

What other oxichzmg agents convert ferrous into feme salts 
(see 106/)? 

233 Hydrolysis Dissolve 0 5 g each of feiric sulphate and' 
feiious-ammonium sulphate separately m water, and warm 
very slightly Obseive the tints by loolang downward thiough*^ 
the solutions at a piece of white paper (?) Test each solution 
ivith Congo led papei, compaie (?), and inteiprct the lesults 
Now add some pure sulphuiic acid to each and observe the 
tints again (?) Explain (?) What are the colors of feirous- 
lon and ferric-ion, lespectively? Which of these allotropic forms 
of the element is more typicaJly metallic? 
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234 Iron-Ammonium Alum 

^ a Weigh 6 g of feme sulphate into an evapoiating-dish 
Weigh out an equimoleculai quantity (calculate) of aiuiiio- 
nium sulphate Dissolve the salts sepaiately, each in the inim- 
mum amount of boiling watei , nii\ the solutions, and sot aside 
(?) Desciibe the ciystals ('?) Collect thein upon a filter, 
wash them fiee from the niothei-liquoi , and di j with filtei papei 
b Ascertain (see 231 c, d, e) whethei iiou-alum is a double 
,salt, or a salt of a complev acid (’) 

236 Ferrocyanides and Ferrlcyanldes Use diluted potassium 
feiiocyamde solution 

a Add ammonium h 5 ’-droxide (?) and compaie with 231 c (?) 
h Add ammonium sulphide solution and compaie with 
, 232 a (?) Is fenous-ion piescnt? 

c Add biomiiie-watci (shake) m excess, and boil otf the 
supeifluous hiomiiie To a pait of the hquid add feme cliloiide 
solution (see 231 d and e) (?) 

d To the lest of the liquid fiom c apply the tests m 231 c 
and/ (?) Is feiiic-ioii piesent? 

236 Reactions of Cobalt Salts Foi 6, c, and d, use diluted 
cobalt chloride solution 

a Borax bead in oxidi/ing (?) and lediicmg (?) flames 
h Sodium hydioxide solution, fiist a httle (?), then in excess, 
and waim (?) Shako with an (?) 
c Ammonium sulphide solution (?) 

• d Potassium cyamde solution, fiist two diops (?), and then 
m excess (?) Bod the mixtuie Add bioimnc-water (or 
'' chloiine-watei, or bleaching powdei) and then sodium hydiox- 
ide solution (?) Compaie this with 237 d (?) 

237 Reactions of Nickel Salts Foi b and c use diluted nickel 
sulphate solution 

a, b, c, d Same as in 236 

238 Unknowns Apply to the insti uctor foi two unknown sub- 
stances Identify them as diiected in 229, and report the lesult 
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To reduce the reading talcen at loom temperature (Temp ) 
ro the coriespondmg height of a column of mercuiy at 0°, sub- 
tract the proper number in the second column (Corr’n) from 
the actual reading in millimeters [See Note 33, p 39 ] 


Temp 

j Corr’n 

Temp 

Cori’n 

Temp 

Corr’n 

12 

1 6 

17 

2 2 

23 

3 0 

18 

1 1 7 

18 6 

2 4 

24 5 , 

3 2 

14 

1 8 

20 1 

2 6 

25 

3.3 

16 

2 0 

21 6 

2 8 

26 

3 4 


II Tension of Aqueous Vapor m Millimeters 


Temp 

Press 

Temp 

Press 

Temp 

Press 

0“ 

4 6 

16° 

13 5 

26° 

25 1 

6 

6 6 

17 

14 4 

27 

26 6 

8 

8 0 

18 

16 4 

28 

28 1 

9 

8 6 

19 

16 3 

29 

29 8 

10 

9 2 

20 

17 4 

30 

31 5 

11 

9 8 

21 

18 6 

31 

33 4 

12 

10 6 

22 

19 7 

32 

35 4 

13 

11 2 

23 

20 9 

33 

37 4 

14 

11 9 

24 

22 2 

34 

39 6 

16 

12 7 

25 

23 6 

100 

760 0 


III Specific Heats of Metals 

Alumimum 0 214 Iron 0 114 Magnesium 0 250 
Copper 0 095 Lead 0 031 Zinc 0 095 
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IV Solubilities of Bases and Salts In Water at 18°. 



anhydrous salt held in solution by 100 c c of water The Zoioer number' 
IS the molar solubihty, ^ e , the number of moles contained m one hter of the 
saturated solutio^ 





XeidfisiiBauie 
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VI Degree of Ionization of lonogens 
Except where othciwise specified, the figuies give the fiaction 
ionized m a deci-noimal, aqueous solution (usually at 18°) tlub- 
tiac^lon of the figuies fiom the unity gives the extent to which 
the ions will unite when brought togethei in noinial concen- 
tration At greater dilutions the ionization i& gi eater and the 
union of ions less 


HNOs 

HNO 3 (oono ) 
HCl 

HCl (oono ) 
HCl (N/2) 
H.SO, 

H 2 SO 1 (oono ) 
HBr (N/2) 




0 02 
0 09 
0 92 
0 13 
0 85 
0 01 
0 01 
0 00 
0 90 
0 88 
0 93 


H H.P04(N/2) 

H HC-.04 
H HCiHA 
H C.H3O. (N) 

H C2H3O. 

H HCO3 (N/10) 
H IICO, (N/26) 
H HS(N/10) 

H H BO, (N/10) 
HNC (N/10) 
HOH 


O 27 
0 50 
0 08 
0 0„4 
0 013 
0 047 

0 0s21 

0 0j7 
0 OA 
0 0,1 
0 OA 


KOH 

NaOH 

Ba(OH)3 

NH4OH 

Ca(OH)2 (N/64) 


0 91 
0 91 
0 77 
0 013 
0 90 


Ba(On)2 (N/64) 
AgOH (N/1783) 
HOH 


0 02 
0 30 
0 Ool 


KCl 

KClOa 

KNO 3 

KjSO, 

K2CO3 

KMnO, (N/32) 
KjCrjO, (N/32) 
NH4CI 
NaCl 
NasSOi 
NajCOs • 


0 86 
0 83 
0 83 
0 72 
0 71 
0 92 
0 94 
0 85 
0 84 
0 70 
0 71 


Na nCO, 

Na, HPOi 
NaC,II,02 
NaoC^aOo 
BaCl. 

CaS04 (N/lOO) 

CuS04 

AgNOj 

ZnClj 

ZnS04 

HgCb 


0 78 
0 73 
0 79 
0 09 
0 77 
0 64 
0 39 
0 81 
0 73 
0 40 
(<0 01 ) 
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VII. Electromotwe Series 

The electiomotive force of a cell, in which each of the fol-^ 
lowing metals constitutes in turn the negative pole (and gold, 
e g , the positive) , diminishes in the older given The tendency 
to entei the lomc condition in a solution aheady contaimng 
the same ion in normal concentration diminishes In the same 
Older, and hence the ionic form of each of these metals (in 
normal concentration) is discharged and the metal liberated 
by eveiy metal piecedmg it m the series 


Potassium 

Cadmium 

Bismuth 

Sodium 

Iron (Fe‘ ) 

Antimony 

Banum 

Thalhura 

Mercury (Hg 

Strontium 

Cobalt 

Silver 

Calcium 

Nickel 

Palladium 

Magnesium 

Tm (Sn* ) 

Platinum 

Alummium 

Lead 

Gold 

Manganese 

Hydrogen 


Zmo 

Coppei (Cu*') 



VIII Lists of Apparatus 

1 Equipment of Laboratory These articles are for common use 
Those marked ♦ should be fixed m their places, so that they cannot be 
removed The articles in this hst, for the care of which no mdmdual is 
responsible, should be as few as possible 



2 Supply Room These articles are given out at the supply loom 
when needed The student who obtams one of them leaves a signed re- 
ceipt, and IS held responsible for the safe return of the article 
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3 Individual Outfit Non-returnable A copy of this hat accom- 
panies each outfit and is checked by the student 

Parchment paper pki^ lOfl Bheots* 


_ 1 Clay tnnngle 

Copper wire, No 22, 10 ft 
26 Corks, assorted, email 
1 File rat-tail 6 in 
1 Fila tnangiilar, B m 
niter paper, pkg , 11 cm 
Gas tubing, 2 it 
Glass rod, 4 mm , 2 5 ft 
Glass tubing 6 mm , 6 ft • 


2 Rubber atoppors 1 hole No 0 
1 Rubber stopper, 2 hole No fl 
Rubber tubing 1 ft ft m 
1 Sand batli i m 

J&ie brush, email 
1 Teat tube Iioldcr 

. — 1 Towel (or muslin) 

.itmua paper, box, both colors, 100 1 Weights, sot, 10 mgni to 50 g 

strips 1 Wire gauac, t X 4 m 

. Individual Outfit Returnable A copy of thw list accompanies 
each outfit and is checked by the student A receipt for the outfit is left 
at the supply loom, and the student is then held lesponsiblc for the return 


or te^laoement of every aiticle upon the list Articles marked * may bo 

1 Fvaporatini, dish 7 cn 


transferred to List II or even to List I 


1 Burette clamp 


1, with rod, 5 m 


1 Cork b< 

1 Crucible rungs 
1 Deflagrating spoon 13 mm 1 
1 Funnel support two holes 

1 Iron stand, small 

2 tan«inga two sizes 

1 Spatula (bom or glass) 

1 Test-tube rack 
6 Beakers nest tall form no 1. 

Nos 0, 1, 2 1, 4 
1 Bottle, special, 32 or ‘ 

1 Bottle special 4 oz s 
4 Bottles wide mouth 2S0 e o 

I_Illvapaiatmg dish S 


1 Evaporating disb S cm 
1 Fliiak wide mouth 125 o 
1 Flask, w ide mouth 250 o 
1 1' lask, 500 c c , with cork 


12 Tosttubis 4 XOIms 
12 Test-tube'S 0 X 0 87 ms 

1 Test-tube 0 X 1 ins 

2 Test tubes, hard glass 7 


1 U-tube with side tu 
1 Watch glass, 2 ina 
1 Watch gloss, 3 78 m 


IX List of Chemicals 


All chemically pure, excepting where otherwise stated 
After omissions, if any have been determined upon, the substances (ex- 
cepting those marked Cal ) are numbered consecutively and, if a mde- 
■ shelf is used, their bottles and places o 


1 the shelves are numbered to 


scs of galvanizod in 


Stems of dropping funnel thistle tube, and th 
saves bormg fre^ corks and thus avoids wi 
^ ■ for paper m list No - 

CO VQSSola I gallon in 

iTs^ppIied for com^ abu^ and soon bOGoroe w 

8 This*drop5^funnd°:S'mdisp6nsablo only m oiponmonta 64 b and IBS a, although 
iry useful m many others 
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(Spec ) indicates a small amount, or specimen, of the dry substance 
These substances aie usid only m solution 

Cal indicates one of the substances m the calendar which are set out^ 
only when needed, and then on a special shelf This mark appears also 
upon the bottle, taking the place of the serial numbei 
Numbers m heavy type (t q , 20) appeal opposite substances^which 
aie used in only that one experiment Omission of the one experiment 
peimits removal of the substance fiom the list 

Concentration, m case of i solution, is given as N, i N, etc , to assist 
students in using suitable pioportions in a rational way The number m 
parenthesis followmg the concentration is the weight of the substance 
lequired, with water, to make one htei of the solution Sat = saturated 
Exceptmg where a formula is given, the calculation assumes the use of 
the commonest term, often a hydrated one 
* Rubber stoppers, the rest glass 

The labels should beai the name of the substance and all the data 
mentioned above Thus both the student and the peison who prepares 
the solution are fully mfoimed as to the natuie of the contents 


oialic Cal , XiS b 

3 tartanc (apei ) 

Albumin, bird, Cal , 115 c 116 a 117 <• 
139/ 

Almonde crushed Cat , 139 n 
Apple elioos Cal , 89 h 

4 Aluuiiniuni falinge 

8 onde, punf 80 

0 ^ sulphate, lijdrated^^^ 

5 log” * 

10 mol> lidato (spec ) 

11 oxalate (speo ) 

13 phosphatL 152 a 

13 sulphate 

14 thioLj anato (spec ) 

10 trioliloride, 210 a, 216, 317 

17 Arscnio, gran 208 

15 tnoxido, pulv , com’l , 137 a 216, 

217 

Asbestos, long fiber, Oal , 316, 217 

19 eliort hhtr 86, 222 
Baking powder Cal , 166 

20 Barium rhloride, com I 

21 hydrowde (speo ) 

22 _ oxide pvint 28 

23 " peroxide, anhyd 

24 Bismuth, OOtti’l , 213 a 

tS-i Bleaching powder 

27 Cadmium sulphate (spec ) 

28 Caloiiim carbide, 187 

29 Calcium carbonate, purif , pulv , 38 a 

176 

30 Calcium earbonata [Marble], gran , 


31 Calcium chloride, gran 

32 fluoride pulv 61, 114 

3i oxide [Quioklimi I 

34 phnxphido 1 


sulpb ito, pulv , 38 a 163)4 
suhfliate [Gjpsuiu], transp nryst. 


n colored 

38 Charcoal, animal, 

39 wood pulv 


43 Coal, bitumm 

44 Cobalt ohlonc 

45 Coohmoal (api 
16 Congo rod pa 
47 Copper toil, 1 


50 oblondo 68 b, 166 a 

51 oxide, pulv 

52 sulphate, hydrated 

53 Pat, tallow 87 b 186 a, 189 a 

54 Foirio rhiorido (apec ) 

65 Pemo oxide oomU , 20, 138 5, 146 b 

66 Perric sulphate 


Forroua 

68 Ferrous xulphidi. 
Flour, Cal , 141 
59 Qclatino 102 c 
60,^ Gunpowder, 8 c 


1 sulphate 


lodmo^j^^ ^ 

63 Iron nails washed with gasolim 

64 Iron, pulv , 16, 77 b,<%32 e 
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! oxide, red [Minium], 202 t 

1 Magnesite, gran 120 a 

i MaSHSi size No 10 
I chloruio, 161 0 

' sulphate, hj drated 29 c 

i Manganese dioxide, pulv con 
) Manganous chloride (epeo ) 


Niokel, ‘deduced ’’ Cal , 21 
1 sulphate, 218, 237 a 
I Paraffin 37 c 61 
: Phosphorus, red 


peroxiuo 65 a 106 d 
phosphate 

sulphate anhjd 42, II 
sulphate, bydroted 
Bulphult , com 1 , 82 n't 
sulphite 


134 Sugar com 1 
133 Sulphur, flowers 
130 roll 

137 Talc [lalcum] piih , 143 

138 Tin gruu.coml 

Tin rod 00 mm Cal , 187 
130 lurmcrio paper, 146 6 
14U Vnsehno 

Wood aplinters, l(i cm Cal 
111 Wool yurn white, 108/ 139 
least Col , 131 a 
142 Zinc, gran , com I 

Zme' F, 2 g pieces. Cal , 


tone (i sat , 33) [for burns and 

hydrooblono cone 13 N 
hydroohlonc, cbl , 6 IV (407 c c ) 
hydrochloric, normal. Cal , N 
nitric, cone , 16 N 
mtrlo, dll 6 IV (382 c o ) 
oxaho, 2 IV (sat , 120) 
plorio (20 + 100 0 0 alcohol) g 
phosphoric, 1 73 sp gr 40 jw 
pyrogollio. Cal , 99 f378) ' 

Bulphuriy, cone , 30 N 


’ Acid, sulphunc, dil , G W (107 ( 
sulphuno normal Cal , N 
tartaric Cal , N (7fiV 
Alcohol, US?'o. Col 
1 Alisarm 20% paste 194 (50) 

I Aluminium sulphate, 189, (V (1 
I Ammonium carbonate. 2 N 

(786 +300 cc NHiOH) 

[ chloride 4 N (213 5) 

I liydroxido com 1 , 7 iV • 

1 molybdate + HNOj (70 +1 

HNO() 

1 oxalate, Jf (71) 
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ISB Ammonium sulphide, yellow (NHjHS 191 
+ S) 

106 t.hiooynnate N (76) 

107 Amyl alcohol, 138 b 

108 Barium chloride, N (122) 192 

109 Banum^ hydroxide [Baryta water], J JV 

171 sSthWate, SIS. N (161 + 80 o o 

Bleaohme powder, fresh. Cal (eat ) 

Bromine element, Cal 

172 Bromine water, j N (sat ) 

175 Cadmium sulphate, N (140) 

174 Calcium chloride, 2 N (219) 

176 hydroxide [Limewater], 04 ATfsat) 

176 Carbon dmulphido, com 1 

177 tetraohlonde, 37 6, d, 189 3 
Ghloriae water, dal (eat) 

178 Chloroform 
Chryaophenm Cal , 193 (10) 

170 Cobalt ohlondo, (118 3) 

180 Cochineal solution, 193 

Cotton seed oil, Oal , 136 a, 138 a, b, 


Methyl orange, 167 a, (1) 
violet. Cal , 196 (0 6) 
Milk, Cal , 140 

sugar Cal , 139 d 
Nickel sulphate 337, 


(131 S) 


, Cu^no sulphate, N (125) 

Fehhng’s^ol Oal , 129, 139, 110 
! Ferric chloride, N (90) 

Formaldehyde, Col , 110 / (10) 
Gasoline (petrol), Oal , 37 c, d 
Gluoosa^syruj)^^ oom’l , Oal , ISO 6, 

1 Glycerine oom'l , 118 0 
1 Hydrogen chloride, sol in toluene 
oom’l ( +CaCl! for drying) 
Indigo solution Cal (1 s urdigo can- 
mine), 91 a, 133 0 
Kerosene, Oal , 138 a 
i Load nitrate M (168) 

J Litmus solution neutral 
r Magnesium sulphate, (123) 
Malaehite green, Oal , 198 (0 6) 

S Manganous chloride 328, Af (00) 

3 Merouno chlonde, i N (sat 68) 

3 Mercurous nitrate, i A' (70+4 c 0 
HNO. + Hg) 

Methyl acetate. Cal , 138 0 


Petrol, ae- „ 

I Fhenoiphthalein (1 + 600 c 0 alcohol) 
Pbosphorua tru-hlonde Cal , 318 6 
1 Pota&tum arsenate [KH Asfid, 2 N 
(120) 

i arsenile [KAsO, + HjAsOs (90)] 

1 bromate, 97 c, J Af (60) 

' bromide. If (119) 

i chlorate, saturated, i N (sat , 

) ohlondo saturated 4 AT (sat., 

320) 

) ohromato 231, If (97) 

L cyanide ff (66)* - 

! dichromato 00m 1, AT i (74) 

1 femeyamde, 231 c 4 Jv (66) 

1 ferrocyanido \ If (53) ' 

hjdrondo Oal , 94 (810) » 
i iodide i N (83) 

1 permanganate, 4 Af (79) 

I Silver mtrate, i N (42 6) 
i sulphate If (sat , 6 5) 

) Sodium nootato, 81 o N (136) _ 

) carbonate 2 AT (106 Na.COi)* 

chlorate, sat, Oal, ijT, 64 If 
(sat 692) 

chloride, sat , Cal , 167, 84 If (sat , 
322) 

I -hydrogen sulphate, »«turatod 

! bydrovide, 2 Af (80) • 

I phosphate, Af (119) 

I thiosulphate If (124) 

> atannous chloride, 136 g N (112 6 
+ 6OO00 HCl+Sn) 

1 Starch emulalon 
• " - ■ m ohlonde, 163, N (133) 

-■ Cal . 195 (10) 

0, Cal , 198 (10) 

i Toluene, cc - ' - 


Tanmo aoid. Cal , : 
Tartar omotio. Cal 
i Toluene, com 1 , 66 g 
3 Zme acetate, 4 Af (89) 


cetato, 4 Af (89) 
iloride 179, 4 N 
Uphate,4^H 


(34 ZnGls) 




